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Ober Anonalien der SegmeBtimog bei Anneliden lud derea 
Bedevtnng flkr die Tbeorie der letamerie. 

Von 

Dr. C. J. Corl, 

Privatdocenten und Assfstenten der Zoologie an der deatschen 
Universitlii zu Prag. 



Mit Tafel XXV. 



Im Sommer des Jahres 1890 entdeckte ich zufUllig unter einer 
grOBereD Anzahi gesammelter Regenwtlnner (Lumbricus terrestris) 
einen Wurm, der sich durch ein abnorm gestaltetes KOrpersegment aus- 
zeichnete. Die AbnormiUi bestand nSimlich darin, dass eines der mitt- 
leren KOrpersegmente rechterseits durch eine Furche derart getheilt 
war, dass der linken Segmenthdilfte zwei rechte SegmenthSilften ent- 
sprachen. Auf dieses Vorkommnis aufmerksam gemacht, durchmusterte 
ich nun den Begenwurmvorrath in der Absicht mich zu tlberzeugen, ob 
derariige Segmentanomalien Ofter zu finden sind. Und wirklich, zu 
meiner Oberrascbung konnte ich kon^tatiren, dass solche Exemplare 
nicht einmal zu den Seltenheiten gehOren. Denn aus ca. 200 Wtlrmem 
gelang es mir noch weitere 4 6 mit anomalen Segmenten zu sammeln. 
Von gleichem Erfolg war auch mein Nachforsohen in der Anneliden- 
sammlung des hiesigen zoologischen Institutes, welche nicht sehr groB 
ist und von den vorhandenen Species meist nur je ein, selten mehrere 
Exemplare besitzt; begleitet. 

Obgleich mir vom Anfang an nicht erinnerlich war, je Angaben 
liber derartige Falle, welche allerdings unbeachtet geblieben sein 
kOnnen, in der Litteratur^ gefunden zu haben, so unterzog ich doch 

i Herr Gebeimrath Prof. Ehlebs hatte die Gute mir nach Durchsicht meines 
In lUSkriptes mitzutheilen, dass die im Nachfolgenden behandelten Erscheinungen 
Isc ohl bei vaganten als auch sedentttren Anneliden recbt Mufig auftreten, und wie 
lei sheint, in einzelnen Familien bfiufiger, als in anderen. Fur viele solcber ¥A\\e 
■hi er meine Auffassung fiir die zutreffende, fiir andere jedocb glaubt er die Ver- 
|ai issung zu denselben in Verletzungen mit nacbfolgender Regeneration zu er- 
bl \en, Hierzu m<Scbte ich mir erlauben zu bemerken, dass mir derartige FttUe, 
itsclurift f. wisaeasch. Zoologie. LIY. Bd. g7 
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noch die grOBeren Annelidenarbeiten einer Durchsicht. Das Einzige 
darauf Bezug Habende, was ich fand, war aber nur eine von CtAPARtoE * 
gegebene AbbilduDg eines gegabelten Hinterendes von Salmacina. 
Allerdings ware es bei dem Umfang der Litteratur dieser Gruppe immer- 
hin m5glich, dass diesbeztlglicbe Notizen in kleineren Abhandlungen 
versteckt sind, doch wttrde es schwer ankommen, die Nachforschungen 
so weit auszudehnen. 

Da diese Befunde interessant zu sein scheinen und sie vielleichi 
ftlr die Lehre der Metamerie des Metazoenkdrpers einige Bedeutung 
haben kOnnten, sounternehme ich es, sie an dieser Stelle mitzutheilen. 
Denn AbnormiUten haben nicht allein aus dem Grunde fttr uns In- 
teresse, weil sie eben selten sind, sondern auch desshalb, well auch sie 
nach einer gewissen Gesetzm^Bigkeit entstehen und weil gerade sie 
mitunter sehr lehrreich fttr das Yerstandnis der normalen Verhaltnisse 
sind. 

Wahrend also bei den Anneliden Abnormitdten der angedeuteten 
Art bis jetzt unberttcksichtigt geblieben sein dttrften, warden dagegen 
ahnliche Anomalien bei den Scoleciden wiederholt beschrieben. £ine 
Anzahl solcher Falle finden wir in dem Parasitenwerk von Leugkart'^ 
unter der Gberscbrift »Missbildungen« gesammelt. Die dort bescbrie- 
benen AbnormitSiten bestehen entweder darin, dass Stttcke einer Band- 
wurmkette keine Segmentirung zeigen, dass hingegen in diesen Regionen 
die Gesehlechtsporen sehr zahlreieh vorhanden sind. £inen derartigen 
Fall theilt auch Grobben ^ mit. Ein anderes ziemlich hUufiges Vorkomm- 
nis besteht darin, dass der Bandwurmkdrper zwar gegiiedert ist, dass 
aber die Proglottiden mehr als einen Geschlechtsporus und dem ent- 
sprechend vermehrte Geschiechtsorgane besitzen. Weiter kann es sich 
um ein einseiiig eingeschaitetes sogenanntes ttberz^hliges Glied handeln. 
Interessant ist auch ein mitgetheilter Fall, wo bei diesem der Band- 
wurmk5rper gespalten ist, so dass sich neben der Hauptreihe der Glie- 
der noch eine Nebenreihe von Gliedern vorfindet, die die Form eines 
Seitenzwciges besitzt. SchlieBlich ftthrt Leuckart prismatisch geformte 
und durchlocherte Bandwurmglieder unter dem Kapitel Missbildun- 
gen an. 

besonders beim Regenwurm, nicht entgangen sind, dass ich dieselben von der 
Untersuchung aber von vorn herein ausgeschlossen hatte. 

1 E. Claparede, Les ann6lides ch6topodes du golfe de Naples. Geneve et BAle 
4 868. p. 487. Taf. XXX, Fig. 5 F. 

2 KuD. Leuckart, Die Parasiten des Menschen. Bd. I. 2. Aufl. p. 569 — 580. 

8 C. Grobben, Dber eine Missbildung der Taenia saginata. Verhandl. dor k. ic. 
zool.-boten. GesellschaftinWien. Bd. XXXVII. p. 679—682. 1887. Mit einer Zinko- 
grapbie. 
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Endlich giebt es auch Nemertinenformen, bei deneu die Meta- 
inerie nicht voUkommen regelmSlfiig ist. 

Wie Eingangs erwSibnt, entdeckte ich die SegmentaQomalieu bei 
Anneliden zuersi an RegenwtLrmern. Da die Oligochaeten einen 
verhaltnismSiBig einfachen Bau der Segmente im Vergleiche zu den 
Polychaeten aufweisen, so werden wohl auch die Anomalien weniger 
komplicirt gestaltet zu erwarten sein. Aus diesem Grunde wollen wir 
zunachst mit der Beschreibung der Segmentanomalien bei den Regen- 
wtlnnern beginnen. Hierbei er^'Shne icb, dass ich meineNachforsohung 
auch noch auf andere Oligochaeten ausgedehnt babe, so auf Criodri- 
lus, Yon welchem mir ein Vorrath von einigen 20 Sttick zur Verfttgung 
stand. Es fand sich aber unter diesen Exemplaren kein einziger ab- 
normer Fall. 

Auf der der vorliegenden Arbeit beigegebenen Tafel ist zunSichst 
in Fig. 4 A und B ein Sttick eines Regenwurmes, welches aus dem 
45. — 48. Segment besteht, von der Dorsal- und Ventralseite dargestellt. 
Das Segment, dem v^'ir nun unsere Aufmerksamkeit zuwenden vv'ollen, 
ist das 46. Von der Dorsalseite betrachtet (Fig. K A) erscheint seine 
linke Halfte wesentlich verbreitert und durch eine vom Rande aus 
gegen die Mitte bin verlaufende und immer seichter werdende Furche 
in einen vorderen grdBeren und einen hinteren kleineren Abschnitt ge- 
tbeilt. Denken wir uns nun den Wurm auf die Rtlckenseite gewSilzt, 
so ktfnnen wir den Verlauf der Furche nach der Ventralseite bin ver- 
folgen, wo sie gleichfalls gegen die Mitte zu endet (Fig. K B) . 

Nun wird es sich darum handeln, zu entscheiden. ob die im 46. 
Metamer linkerseits auftretende Furche nur eine SiuBerliche ist oder ob 
sie, wie sich vermuthen ISlsst, den Worth einer Segmentgrenze, wie die 
Qbrigen zwischen den Ringeln befindlichen Furchen, besitzt. Ob wir 
es bier demnach mit einer einseitigen Vermehrung der Metameren durch 
ein ilberzahliges Halbsegment, welches wir als Schaltsegment be- 
zeichnen wollen, zu thun haben. Wenn sich dieses bestfiitigen soil, so 
mtlssen wir auch die inneren charakteristischen Organe in den be- 
zeichneten Theilen vorfinden. Dieses lehrt uns thatsSlchlich nicht bloB 
eine anatomische Untersuchung mit Messer und Pincette, sondern auch 
schon ein Blick auf die Fig. 1 1?, denn wir erkennen in den kleinen 
punktfOrmigen Offnungen nicht allein die ventrale Borstenreihe vBr^ 
sondern auch die iiuBeren NephridialOffnungen Np. Durch die ana- 
tomische Untersuchung Uberzeugen wir uns ferner, dass sich ent- 
sprecbend der Furche, welcbe . zwischen den mit a und (a) in Fig. 1 
bezeichneten Schaltsegmenten verlttuft, ein Dissepiment, ein Schalt- 
septum, ausspannt und dass sich auch in dem vor und hinter diesem 

87* 
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Schaltseptum gelegenen Raume alle typischen Organe vorfinden. Hier- 
bei w£ire zu entscheiden, welches denn eigentlich von den beiden 
Halbsegmenten das eingeschaltete oder tlberzSlhlige ist, ob das vordere 
mit a oder das hintere mil (a) bezeicbnete. Die Frage woUen wir aber 
vor der Hand ununtersucht und unbeantwortet lassen, wir werden 
spdter noch einmal darauf zurtlckkommen. 

In dieselbe Kategorie, wie der eben beschriebene Fall, wSre der 
einzureihen, welcber in Fig. 91 dargestelit ist. Er unterscheidet sich 
nur dadurch von dem ersteren, dass in drei fainter einander gelegenen 
Segmenten alternirend ein eingeschalietes Halbsegment auftritt und 
zwar in der knapp fainter dem Glitellum gelegenen Region. Zur Ein- 
sicfatnahme der anatomiscfaen VerfaHitnisse dient die Fig. 2 B. Die 
Scfaaltsepten sind, um sie kenntlicfa zu maofaen, mit einem Stemcfaen 
versefaen. 

Vom Regenwnrm sind nocfa einige andere abnorme Fdlie auf der 
beiliegenden Tafel dargestelit, deren Bertlcksichtigung wir uns aber 
ftlr spSiter auffaeben wollen. 

Vorfaer werden wir einige Beispiele derselben Art, wie die bisher 
betracfateten, bei Meeresanneliden zu erwSifanen faaben. Eine solcfae ist 
von Lumbriconereis in Fig. i A, Bj C abgebildet. Von der Dorsal- 
seite betrachtet siefat man, dass die mit (a) und b bezeichneten Tfaeile 
rechterseits ganz wie regulSire Metameren gestaltet sind, dass aber die 
sie trennende Furcfae (Segmentgrenze) nahe vom linken Rand endet 
und dass sich auf diese Weise die zwei recfaten Segmentfaalften 
linkerseits vereinigen. W^ihrend bei den bisfaer vom Regenwurm an- 
geftlfarten Beispielen die SiuBere dem Scfaaltseptum entsprecfaende 
Furcfae nafae der Mittellinie endete, setzt sicfa dieselbe in dem in Rede 
stehenden Fall weit liber die M edianlinie fainaus fort und erreicfat ven- 
tral und dorsal ihr Ende erst in der Nilfae der linken K5rperkante, 
welcfae durcfa die Parapodien erzeugt wird. Zum besseren VerstSindnis 
dessen verweise ich auf die Abbildung Fig. 4 C. 

Besonders zafalreicfae Anomalien fand icfa an einem 50 cm langen 
Exemplar von Halla parthenopeia. Yon diesen Abnormit^lten will ich 
nur auf zwei aufmerksam machen , welcfae aucfa auf der Tafel unter 
Fig. 8 und 9 abgebildet sind. Wenn wir zunSicfast den in Fig. 8 dar- 
gestellten Fall betracfaten wollen, so bemerken wir an dem mittleren 
von den drei Segmenten dorsal an der recfaten KOrperfaalfte eine siegel- 
ringartige Verbreiterung , welcfae in ihrer Mitte eine zu den tlbrigen 
Segm^ntgrenzen parallele Furcfae besitzt. Meiner Meinung nacfa spricfat 
diese Anomalie daftlr, dass es sicfa faier ebenfalls um ein Scfaaltsegment 
handelt, welches aber nicfat zur voUen Ausbildung gekommen ist. In 
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^hnlicher Weise wird wobl auch das in Fig. 9 abgebildete Beispid auf- 
zufassen sein. Wir bemerken hier linkerseits zwiscben die zwei ersten 
Segmente ein kleines spindelf5rmiges Stack eingeschaitet. 

Nun ertlbrigen uns nocb einige andere in der Tafel darge- 
steilte Fadle von Abnormitaten , die sich von den frtiber genannVen 
unterscheiden. Hierher gehOrt das in Fig. 6 abgebildete Beispiel, 
welcbes sich, von der Dorsalseite betrachtet, scheinbar genau so verhait, 
wie die Fa lie in Fig. 1 und 2, wahrend die Ventralseite tlberhaupt keine 
abnormen VerhSiUnisse erkennen lasst. Verfolgen wir aber mittels einer 
Nadel, die zwiscben a und b bloB bis zur Medianlinie reichende Furche 
von hier aus bis zum Rande, so gelangen wir zur Ventrateeite, nach- 
dem wir diese passirt haben, wieder zur Dorsalseite , dann nochmals 
ventralwarts und schlieBlich wieder zur Dorsalseite, wo endlich 
diese Furche nahe der Mitteliinie endet. Der Weg, welchen wir da- 
bei zurackgelegt haben, hat die Form einer Spirale, was durch das 
Schema Fig. 6 B ersichtlich gemacht ist. In gleicher Weise verhalt 
sich die Anomalie an dem in der Tafel abgebildeten Hinterende eines 
Regenwurmes (Fig. 7), nur mit dem Unterschiede, dass der Weg ein 
noch groBerer ist, nachdem zwiscben dem Anfang und dem Ende der in 
Form einer Schraubenlinie verlaufenden Segmentgrenze noch ein Seg- 
ment mehr als im vorhergehenden Fall eingeschaitet ist. In einfachster 
Weise finden wir die zuletzt besprochene Segmentanomalie, welche 
durch einen abnormen Verlauf der Segmentgrenze ausgezeichnet ist, in 
einem einzigen Segment in dem Beispiel Fig. 5 vor. Die dorsale FlSlche 
dieses Metamers ist durch eine von der vorderen linken zur hinteren 
rechten Ecke verlaufenden Furche durchkreuzt, welche sich in die Seg- 
mentgrenze des vorhergehenden, beziehungsweise nUchstfolgenden Seg- 
mentes fortsetzt. 

Sehr interessant ist die Erscheinung, dass sich gerade im Zu- 
sammenhang mit den Segmentanomalien oft auch noch die Tendenz 
zur Vermehrung von Bestandtheilen eines Segmentes, z. B. der Para- 
podien geltend macht. Dies demonstriren uns Beispiele vonDiopatra 
neapolitana und Hermodice carunculata (Fig. 40,44 undFig.3). 
Das aus drei Segmenten bestehende Sttlck von Diopatra ist der 
Kdrpermitte eines 35 cm langen Exemplars entnommen. Die Segment- 
anomalie, welche sich hier vorfindet, gehOrt der Kategorie der Schalt- 
segmente an. Betrachten wir nun das Parapod des auf das Schalt- 
segment nftchstfolgenden Metamers, so finden wir an demselben alle 
Bestandtheile verdoppelt , welche aber so nahe an einander liegen, dass 
Qian sich erst bei genauer Betrachtung des Parapods von seinem ab- 
weichenden Bau tlberzeugt. 
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Noch eigenthamlicher ist eine derartige Yerdoppelung, welche ich 
an eiaer Hermodice caruncuiata fand (Fig. 3j. Dieser Fall erweist 

^ sich in so fern in mehrfacher Beziehung anomal, als es sich hier einmal 

um eine unregelmSBige Aneinanderreihung der Ursegmente handelt; 
auBerdem ist links an dem mitileren Segment der ventrale Ast des 
Parapods verdoppelt (Rt\ a und b] und tlberdies ist an dem Ramus ven- 
trails a sowohl der Cirrus als auch das Borstenbttndel verdoppelt. 

Was nun die ROrperregionen anbelangt, in welcben diese Ado- 
roalien auftreten, so ist hervorzubeben, dass das Vorder- und Hinterende 

I I diejenigen Stellen sind, an welcben man Segmentabnormitaten selten 

N findet. Am bSiufigsten trifft man sie in den mittleren KOrperregionen. 

L'l Um das HaufigkeitsverhSiltnis in Zabien auszudrtlcken, kann man sagen, 

i dass die Abnormitfiten in den mittleren drei FUnftei bSiufiger als in 

dem vorderen und hinteren Ftinftel, wo sie sogar ziemlich selten sind, 
: angetroffen werden. 

{•j Nach dem, was wir aus den angefttbrten Beispielen kennen gelernt 

baben, lassen sicb die Segmentanomalien in zwei Gruppen eintheilen. 
Die eine Gruppe ist dadureb cbarakterisirt, dass sicb zwiseben den 
normalen ROrpersegmenten Scbaltsegmente einscbalten, es bandelt sicb 
also um eine Vermebrung von Metameren. Die zweite Gruppe unter- 
scbeidet sicb dagegen von der ersteren dadureb, dass die Segment- 
grenzen ^uBerlicb nicbt, wie normaler Weise, durcb Rreisfurcben, 
sondern durcb spiralartig verlaufende Furcben zum Ausdruckkommen. 
Nun wird es sicb nacb der Renntnisnabme des anatomischen Baues 
der Segmentanomalien darum bandein, eine Erkldrung zu sucben, wie 
dieselben zu Stande gekommen und als was sie morpbologiscb aufzu- 
fassen sind. Zu diesem Bebufe mtlssen wir uns zunUcbst ins GedSicbtnis 
zurQckrufen, worin die Segmentirung des AnnelidenkOrpers bestebt und 
wie dieseibe zu Stande kommt. Die Metamerie bestebt bekanntlicb in 
der Wiederbolung gleicbartiger auf einander folgender ROrperabscbnitte, 
in welcben eine Summe gleicber Organe wiederbolt werden. Einge- 
^-J leitet wird diese Erscbeinung bei dem sicb entwickelnden Thiere durcb 

die Bildung der sogenannten Ursegmente, welcbe in zwei zur Median- 
ebene parallelen Reiben von gleicber Anzabl angeordnel sind. Von 
diesen verbinden sicb nun immer zwei korrespondirende Ursegmente 
mit einander, so dass dadureb und durcb Weiterdifferenzirung der an 
deren zugebOrigen Primitivanlagen je ein Segment entstebt. 

Nun kann es sicb ereignen, dass in der einen K5i*perbalfte wUbrend 
der Entwicklungsperiode ein Ursegment mebr gebildet wird, dem auf 
der Gegenseite kein Ursegment entspricbt. Auf diese Weise wird die 
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Bildung jener FSllle von Schaltsegmenien versUndlicb, wie sie im Vor- 
hergehenden anatqroisch beschrieben worden. 

Betreffend das Verhaltnis eines SchaltsegmeDtes zu den tlbrigen 
Metameren des Kttrpers sind zwei MOglichkeiten vorhanden. Es kann 
sicb ein Scbaltsegment vollst£lndig ausbilden und kann von den anderen 
Segmenten abgegrenzt bleiben, oder es geht eine Verbindung mit dem 
vor oder nachfolgenden Metamer ein. 

Unter dem mir zur Verfttgung stehenden Materiale von Segment- 
anomalien bei Anneliden fanden sich nur wenige Beispieie mit abge- 
grenzt gebliebenem Scbaltsegment. Eines von diesen ist in Fig. 10 
und 1 1 abgebildet, welches, wie scbon erwSdmt, auch noch in anderer 
Beziehnng interessant ist. Vielleicht ist auch der Fall bei Halla 
parthenopeia (Fig. 9) als ein allseitig abgegrenztes aber rudimentfiir 
gebliebenes Scbaltsegment zu betrachten. 

Im Anschluss an das eben Besprochene mOchte ich nicht den Hin- 
weis auf die von Lbuckart in seinem WerkiKlie Parasiten des Menschena, 
auf p. 572 angefilhrten Missbildungen bei Taenia saginata unter- 
lassen. Wie schon erwSihnt, besitzen die betreffenden BandwQrmer an 
einer Stelle ein rudimentares keilartiges Glied, welches zwischen zwei 
Proglottiden eingeschaltet ist. Nach der Meinung Moniez^ ist als Grund 
fttr die Entstehung von Keilgliedern eine Verdoppelung der Proli- 
ferationspunkte auzunehmen. 

In den meisten Fallen aber bleibt das dem Scbaltsegment entspre- 
cbende Ursegment nicht isolirt, sondern es verbindet sich mit deif Urseg- 
menten eines vorhergehenden oder nachfolgenden Metamer. So sehen 
wir in Fig. 4, dass sich in diesem Fall das rechte Ursegment des 46. Me- 
tamers mit zwei Ursegmenten an der linken Seite, nSlmlich mit dem ihm 
korrespondirenden a und mit dem ttberzUhligen (a) vereinigt hat. 

Nicht fttr ausgeschlossen mdchte ich hierbei die M5glichkeit halten, 
dass die besprochenen Bildungen erst sp^ter nach der Entwicklungs- 
periode entstehen. Man kOnnte sich dies so vorstellen, dass Reste von 
bildungsfSihigem, embryonalem Material in solchen Metameren erhalten 
bleiben m5gen, welche den Ausgangspunkt fttr Schaltsegmente und 
dergleichen Bildungen liefern. Daraus wttrden sich vielleicht Be- 
ziehiingen ergeben zwischen den VerhSiltnissen, wie sie bei den 
Rnospungszonen bei Oligochaeten und Polychaeten, z. B. bei Nais und 
Nereis, ferner bei Syllis racemosa sich vorfinden und den in Rede 
stehenden Erscheinungen. 

Nicht unwahrscheinlich dttrfte es sein, dass die Ursegmente auf 
einander einen Einfluss bei ihrer Bildung austtben. Zu dieser Ver- 
muthung kommt man wohl bei Betracbtung der Fig. 4 ^4 und B, Wie 
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wir uns llberteugen, wurde bier rechterseits ein Sohaltsegment gebil- 
del. Das ibm entsprecbeiide Ursegment scheint mm in so fern das 
linke Ursegment des vorhergehenden Hetamers beeinflusst ku haben, als 
an diesem Spuren einer begonnenen Abspaltung sichtbar sind, die aber 
unvollsUindig blieb. Allerdings ware aucb an die HOgiichkeii zu denken, 
dass die Bildung der Ursegmente in dem Falle von Lumbrico nereis 
(Fig. 4) regeirecht vor sicb gegangen ist, dass aber linkerseits die Bil- 
dung des Ursegmentes sistirt wurde. Ahnliches ist vielleicht auch in 
dem Beispiel von Halla Fig. 8 eingetreten, wo die Bildung eines 
Scbaltsegmentes unterdrtLckt worden zu sein scheint. 

Die Bildung von Schaltsegmenten, resp. die einseitige Vermehrung 
Ton Ursegmenten kdnnte aber leioht im Stande sein, das Wachsthums- 
gleichgewicht des KOrpers zu stdren, wenn nicht eine Tendenz zur 
Kompensirung vorhanden ware. Diese besteht darin, dass der Organis- 
mus durch vermehrtes Wachsthum anderer Segmente an der der Ano- 
malie gegentlber liegenden Seite die Stdrung auszugleichen sucht. 
Bemerkenswerth ist auch die Wiederholung der Bildung von Schaltseg- 
menten, welche altemirend rechts und links von der Hedianebene des 
KOrpers gelegen sind. 

Wie schon erwahnt, fand ich in zwei Fallen neben Schaltsegmenten 
auch nooh Anomalien an den Parapodien, welche in der Verdoppelun 
derselben bestehen. Der eine Fall betrifft Diopatra neapolitan 
(Fig. 10 und \\\ der andereund interessantere Hermodice carun- 
oulatd. Ob es sich hier urn eine doppelte Anlage des Parapods oder 
urn eine spater erfolgte Spaltung handelt, ist schwer zu sagen. Man 
ersieht jedoch daraus, dass die Ursache, welche die Bildung von Ano- 
malien veranlasst, eine allgemeinere sein muss, da sie einen Einfluss 
nicht bloB auf die Bildung der Ursegmente sondern auch auf die anderer 
peripherer Organe austlbt. Ich stelle mir namlich vor, dass zu der Zeit, 
als die betreffenden Kdrperabschnitte gebildet werden, die Entwick- 
luDgsmechanik des ThierkOrpers ttberhaupt eine Stdrung erleiden mag. 

Nun gelangen wir zu jenen bei der anatomischen Beschreibung 
angefdhrten Beispielen von Anomalien, welche darin bestehen, dass die 
auBeren Segmentgrenzen der betreffenden Kdrperabschnitte nicht die 
Form von Kreistouren haben, sondern Schraubenlinien beschrdben. 
Wie hat man sich nun derartige Bildungen vorzustellen? Zum Yer- 
standnis hierftlr mtlssen wir uns wieder die Genese der Hetamerie aus 
den Ursegmenten ins Gedachtnis zurtLckrufen. Je zwei gegentlber- 
liegende Ursegmente und die zugehOrigen Primitivanlagen haben 
die Tendenz mit einander zu verwachsen und so ein Segment zu 
liefem. Unterbleibt aber einmal die Verbindung zweier korrespon- 
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dirender Ursegmente, wie dies z. B. an der dorsalen Seite bei dem in 
Fig. 5 dargestelllen Fall zu bemerken ist, so k5nnen diese ungehinderi 
ttber die Miitelliiue, welche fttr sie normalerweise die Grenze ihres 
Wacbsthums abgiebt, hinauswacbsen und erzeugen auf diese Weise 
Segmente voix der eben erwSihnten Beschaffenbeit. Es kann sicb aber 
aucb ein Anderes ereignen. Ein Ursegment, z. B. ein recbtes in Fig. 6 6, 
bleibt unverbunden mit seinem gegentlberliegenden b, dagegen ver- 
scbmilzt letzteres mit dem auf das erstgenannte folgenden c zu einem 
Metamer, daftlr bleibt aber wieder das links gelegene Ursegment c ttbrig. 
Nun kann sicb diese irreguUre Verwacbsung oder Aneinanderreibung 
der Ursegmente nocb ein oder mebrere Hale wiederbolen, indem z. B. 
c mit d etc. in Yerbindung treten, zum Scbluss bleibt immer ein Urseg- 
ment d etc. tlbrig, welcbes sicb scbeinbar wie ein Scbaltsegment ver- 
h^t. Wahrscbeinlicb ist es, dass bei derartigen YerbSlltnissen eine 
LageverSinderung der Ursegmentreihen der beiden KOrperbalften statt- 
gefunden baben mag, wie dies z. B. regelmSifiig beiAmpbioxus der 
Fall ist, wo die Ursegmentreihen der befden KOrperhSlften um die balbe 
Ltoge eines Ursegmentes gegen einander verscboben sind. 

Nun bleibt uns aber nocb eine Frage zur Beantwortung tlbrig, 
welobes nftmliob die tieferen Ursacben ftlr die beschriebenen Erschei- 
nangen sein kOnnten. Die Erfabrungen, die wir im Yorbergehenden aus 
uen anatomiscben Yerbaltnissen gesammelt baben, berechtigen uns 
leider kaum mebr als zu Yermuthungen. Yon diesen mOchte icb nur 
auf eine bindeuten. Als Ursacbe fttr die Entstebung der Scbaltsegmente 
kOnnie vielleicbt die Annahme betracbtet werden, dass sicb solobe 
Tbiere wSbrend ibrer Entwicklungsperiode vorUbergehend in sehr 
gUnstigen LebensverhSiltnissen befanden, was ein rascberes Wacbsthum 
zur Folge hatte. Die Segmentirung voUzog sicb dann sebr schnell uhd 
da mag sicb in so fern Ahnliches, wie bei einer ttberhasteten Arbeit 
unserer HSinde ereignen, als sicb hierbei nur zu leioht Fehler und Un- 
regelmtlBigkeiten einschleicben. 

Obzwar icb mir eine eingehende theoretische Er(5rterung der 
mitgetheilten Befunde fttr spater vorbebalten will, da icb hoffe nocb 
einmal auf dieses Thema zurttckzukommen, so will icb doch nocb 
darauf binweisen, in wie fern es berecbtigt ist, diesem Befund eine Be- 
deuiung fttr die Theorie der Metamerie zuzuschreiben. Die Tbatsache 
nSLmlicb, dass sicb Abnormitaten in der Metamerie aucb bei Anneliden 
vorfinden, ist vielleicbt im Stande, die Kluft, welcbe zwiscben den 
Nemertinen und den Anneliden bezttglich der unregebnttBigen und 
regehn^Bigen Segmentirung berrscbt, zu ttberbrttcken. Dem zufelge 
wttrde also die regelmSlBige, symmetriscbe Metamerie von einer ur- 
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prtLDgslieh unregelmafiigeii abzuleiten sein. AUerdiDgs ist dabei zu ent- 
scheideD) ob diese Fdlle bei den Anneliden als RtLckschldge zu einem 
primitiven Zustand oder als reia sekundSire Erscheinungen zu be- 
trachten siod. 

Prag/im Januar 4892. 



IrUlnuig der ibbildnngen. 



j TafUZXV. 

J Fig. 4. Ein Stiick von Lumbricus terrestris, besiehend aus dem 45. bis 

^ 48. Segment. A, Dorsalansicht, links bei (a) ein SchaltsegmenU B, Ventralansicht ; 

j Np, Nierenporus ; vBr, ventrale Borstenreihe ; C, Schema. 

Fig. 2i4. Lumbricus terrestris, Dorsalansicht, Region hinter dem Cli- 

;. tellum mit drei auf einander folgenden Schaitsegmenten {a), (b), (c). 

',1 Fig. % B. Dasselbe Stuck mit den Schaitsegmenten durch einen dorsalen Median- 

;■' schnitt getiffnet. D, Darm; dG, dorsales Blutgef^O; vG, viscerale GeftlBbogen; 

\ JV, Nephridium; S, Septum. Die Schaltsepten sind mit einem * versehen. 

1 Fig. 8. Hermodice carunculata. Ventralansicht. Anomalie an den mitt- 

1.^ leren zwei Segmenten, bewirkt durch unregelm&Oige Aneinanderreihung von Ur- 

segmenten. Links Yerdoppelung des ventralen Astes des Parapods. Rva, Ramus 

\ ^ ventralis und Rvb, Ramus ventralis. tJberdies bei Ramus ventralis a Yerdoppelung 

J des ventralen Cirrus [Cv I und //) und des Borstenbtindel. 

1*1 

Fig. 4. Lumbriconereis mit Schaltsegmentbildung (a). A, Dorsal-, B, Ven- 
tral-, C, Lateralansicht. 

Fig. 5. Lumbricus terrestris. Anomalie in dem mit a bezeichneten 
Metamer, dadurch eutstanden, dass die Ursegmente dorsal nicht verwachsen slnd. 
Fig. 6il. Lumbricus terrestris. Anomalie in Folge nicht richtiger Anein- 
anderreihung der korrespondirenden Ursegmente. Statt, dass sich die Ursegmente 
b und b der beiden KOrperhttlften mit einander verbunden hfitten, verband sich 
links das Ursegment b mit dem rechts gelegenen c etc 
if Fig. 6 B. Schema. 

r^ Fig- 7. Hinterende von Lumbricus terrestris. Anomalie derselben Be- 

; ^ schaffenheit wie in Fig. 6 A. 

Fig. 8 und 9. Uallaparthenopeia. Unterdriickte Schaltsegmentbildong ; 
I J in Fig. 9 bei (a). 

i Fig. 40. Diopatra neapoli tana, mit einem Schaltsegment bei (a) und Yer- 

doppelung des Parapods im Segment b. 

Fig. 4 4. Dasselbe bei st&rkerer Vergr&fierung. Bei 6 CI Cirrus I und Oil 
Cirrus II. 
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On the Structure of Two New Oenera of Earth- 
worms belonging to the Eudrilidse, and some 
Remarks on Nemertodrilus. 

By 

FranlL IS. Beddard, M.A., 

Prosector to the Zoological Society of London. 



With Plates XVI— XX. 



The worms which form the subject of the following paper 
were obtained in a living state from Eew Gardens^ along with 
a number of others whose structure I propose to investigate 
later. 

I had applied to Mr. Thiselton Dyer for leave to sift soil 
coming from tropical countries in the Wardian cases which 
are generally used for transmitting plants in pots. This Mr. 
Dyer very kindly permitted me to do^ and in his absence Mr. 
Morris was so good as to put me in the way of carrying out 
my wishes. To both these gentlemen my thanks are tendered. 
In the earth surrounding a number of pots containing plants 
from Lagos, West Africa, I found about half a dozen worms, 
which proved on examination to belong to the family 
Eudrilidse. 

Until quite recently one genus — Eudrilus itself — was the 
only known representative of the family ; three years ago Dr. 
Bosa described from Scioa, Africa, another genus — ^T el eu- 
drilus; and quite recently Dr. Michaelsen has received from 
Zanzibar and the mainland opposite, and from the mouth of the 
Zambesi River, a number of species, all belonging to this family, 
and referable to four new genera : the family is, therefore, in the 
present state of our knowledge, characteristically Ethiopian, 
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though the type genus Eudrilus has not yet been met with 
from the African continent.^ 

The Eudrilidae which I obtained from Kew belong apparently 
to two distinct species^ which are also generically distinct. 
Four specimens I refer to a new genus^ for which I propose 
the name ofHyperiodrilus. The fifth specimen is a species 
of another genus — Heliodrilus^ nov. gen. The sixth is a very 
minute worm, measuring barely an inch in lengthy and being 
sexually immature was indeterminable. 

I. — ^Hyperiodrilus africanus, nov. gen., sp. nov. 

The worms are of different sizes; the largest specimen 
measures (after preservation in spirit) about five inches; 
during life the length was rather greater. Their form is very 
slender^ and their movements were active^ though they did 
not show any power of jumping, such as is shown by 
Perichaeta. While moving the buccal cavity is to a certain 
extent everted^ and is made use of as a sucker for attaching 
the front end of the body ; the eversion of the buccal cavity is 
not nearly so pronounced as in Perichaeta. 

The colour of this species is pinkish, and the posterior 
segments have a distinctly ringed appearance. There does not 
seem^ however, to be much pigment in the skin ; the colour is 
entirely due to the enclosed viscera, particularly, of course, 
to the blood-vessels — even the ringed appearance of the poste- 
rior segments is due to the same cause; the blood-vessels 
ramifying over the septa produce the appearance of bands of 
red pigment corresponding to the segments : the clitellum is 
yellowish. 

§ External Characters. 

An examination of the external characters at once shows 
that this worm is referable to the Eudrilidae, but that it cannot 
be included in any known genus of that family, with the 
possible exception ofStuhlmannia. 

> Since the above was written Drs. Horst and Michaelsen have received 
from Africa specimens of Eudrilus. 
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The prostomium does not completely divide the peri- 
stomial segment ; but it sends back (see fig. 6) a very narrow 
prolongation^ which is embedded in the peristomial segiAent 
up to a point not very far distant from its posterior border. 
Such a narrow prolongation of the prostomium appears to be 
characteristic of the Eudrilidae ; it is specially mentioned by 
Bosa (10) in the case of Teleudrilus^ and is figured by 
Michaelsen (7^ pi. iii^ fig. 17) in Nemertodrilus. 

The dorsal setae are in couples; of the ventral setse^ the 
individual setse of each couple are some little way apart^ as 
illustrated in figs. 9 and 12. 

The clitellum is developed all round the body^ and 
occupies four segments^ Nos. 14^ 16^ 16^ and 17^ as in 
other Eudrilidae^ where four segments is also the usual extent 
of the clitellum, though sometimes, as in Polytoreutus, ex- 
ceeded. Only one specimen, however, had the clitellum 
developed upon the 14th segment, and here it was incomplete, 
extending only over the dorsal surface of that segment. In 
two other specimens the clitellum only occupied Segments 15, 
16, 17. 

Nephridiopores were obvious upon most of the segments 
of the body^ particularly upon the clitellum, where the smooth 
swollen integument rendered them very easily visible. They 
lie almost in the intersegmental furrow in front of the dorsal 
setae. It may be noted that they occur, as shown in fig. 23 of 
PI. XVIII, in the 14th and 17th segments^ where the ducts of 
the generative organs open. 

Dorsal pores could not be detected in any part of the 
body. 

The apertures of the oviducts are upon the 14th seg- 
ment near to its posterior border : each has the appearance of 
a minute hemispherical projection, which cannot be confounded 
with a nephridiopore ; besides, as already mentioned, the 
14th as well as the 15th segment has its nephridiopores. 

The oviducal papillae, as they may be more accurately spoken 
of, are situated behind the dorsal seta of the 14th segment on 
each side ; in one case, as shown in fig. 23 of PL XYIII^ they 
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were placed just in front of the nephridiopore of the segment 
behind ; more usuallyj however, they are a little dorsal of the 
nephridiopore. 

The aperture of the sperm-ducts is, as in Stuhl- 
mannia and Teleudrilus, single and median ; it lies at the 
end of the clitellum, between the 17th and 18th segments. It 
does not, however, present the appearance of an orifice, but of 
a prominent hemispherical papilla, as in the case of the ovi- 
ducal pore; the papilla is in this case considerably larger. 

In one specimen (that which had four clitellar segments) 
this papilla was connected by two grooves running obliquely 
forwards with a pair of conspicuous rounded papillae, placed 
near to the boundary line between the 17th and 16th segments ; 
the two grooves diverged from each other at an angle of about 
4ff ; each ran along a slight mound-like elevation, as shown 
in fig. 24 of PI. XYIII, and more highly magnified in fig. 19 
of the same plate. The two papillee are unsymmetrically dis- 
posed, as also shown in the figure ; the left-hand one is placed 
just behind the groove separating the 17th Arom the 16th 
segment ; the right-hand one at about the middle of the 17th 
segment. 

In a second specimen (PI. XYIII, fig. 22) the median papilla 
was quite invisible, owing probably to the worm having died 
with the part in question retracted. 

In the only other specimen belonging to this species, which 
was nearly mature, a prominent glandular swelling occupied 
the middle ventral line between Segments 17 and 18 (PL XYIII, 
fig. 20). A careful examination showed that the apparently 
single protuberance is not to be confounded with the median 
papilla described in the first of the three specimens ; it really 
represents the two anterior papillae of the 17th segment closely 
fused ; the groove issuing from each may be detected, and the 
median papilla itself is visible at the point where the two 
grooves nearly come into contact. 

In Stuhlmannia variabilis (Michaelsen) the papillae 
connected with the male efierent apparatus ^how certain re- 
semblances to those of the present species. 
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There is a median aperture (as in Teleudrilus and other 
Eudrilidse) of the '' prostate glands'' upon the 17th segment; 
this is spoken of as a slit-like orifice ; but the apparent 
difference in this particular from Hyperiodrilus africanus 
may be a mere question of the state of contraction of the 
worm's body. From the aperture upon the 17th segment a 
deep furrow runs forward to a process which bears the outlet 
of a peculiar gland ; this process is median^ but slightly in- 
clined to the right side. This papilla^ however^ appears from 
Michaelsen's description to lie upon the 13th segment^ near to 
the ventral unpaired orifice of the spermatheca. As already 
mentioned^ the lateral processes, though varying somewhat in 
their position upon the segment, are always on Segment 17. 

On the 13th segment is a median aperture (see fig. 24) 
corresponding to the male generative orifice upon the 18th 
segment, though situated at about the middle of the segment, 
rather nearer to the anterior than to the posterior boundary. 
This aperture was not at all conspicuous upon any of the 
specimens examined^ and might very easily be overlooked. 

§ Integument. 

The layers of the body- wall are as in other earthworms, 
except for the presence in the epidermis of certain peculiar 
organs, which appear to be met with in all Eudrilidae except 
Nemertodrilus; but this genus is in other respects (seep. 
266) a very aberrant member of the family. These structures 
are described later. 

The muscular layers of the body-wall show no noteworthy 
peculiarities as regards the structure and arrangement of the 
fibres. The longitudinal coat does not exhibit the bipinnate 
character which is frequently met with in earthworms, par- 
ticularly in the Lumbricidse. 

The muscular coats contain numerous irregular spaces 
filled with coelomic corpuscles (see fig. 3) ; besides the ordinary 
corpuscles large multinucleate bodies are met with, which 
may be pathological formations. I believe that Eiihenthal 
(13) was the first to specially call attention to the spaces 
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in question. They are unusually abundant in both Hyper io- 
drilus and Heliodrilus — ^more so than I have observed in 
any other earthworm. In places each individual fibre was 
separated from its neighbours by quite large spaces filled with 
corpuscles. 

§ Setffi. 

The arrangement of the setee is somewhat peculiar ; the more 
dorsally situated pair, which are in reality lateral^ and not 
dorsal^ are closely approximated ; the ventral couple (fig. 12) 
are at some distance apart ; the distance separating the 2nd 
from the 8rd seta^ is twice that which separates the 1st from 
the 2nd. The arrangement of the setse is such as to produce the 
impression that there are only three on each side of the body. 
It appears to me possible that Einberg's genus Tritogenia 
has the setae arranged in this way^ having thus led Kinberg to 
make the statement that it possessed only six setae per somite. 
Perrier^ who has (9) re-examined this genus^ has discovered 
that there are eight setae in each segment ; the position of the 
male generative pores of Tritogenia between the 16th and 
17th segments (according to Kinberg) is another point of 
similarity between the two genera^ which are very likely 
identical. 

No other known genus of Eudrilidae has the setae arranged 
in this way ; there appears^ however^ to be a slight difference 
in Nemertodrilus griseus in the distance which separates 
the individual seta of each couple; this is a step in the 
direction of Hyperiodrilus. 

§ Epidermal Sensory (?) Organs. 
The epidermis of this worm is furnished with certain curious 
structures of doubtful nature, identical with those which I was 
the first to describe inEudrilus. 

As Rosa has indicated the presence of these structures in 

Teleudrilus, and as I have found them in Heliodrilus, 

they may be regarded as characteristic of the Eudrilidae, 

and, as far as our present knowledge goes, confined to that 

^ The first seta is that nearest to the nerve-cord. 
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family as defined by myself.^ This, although a small pointy is 
aa additioDal argument in fayour of retaining that family 
within the limits which I have proposed for it. 

The structures in question are visible in the epidermis 
when the body-wall is examined as a flat preparation in 
glycerine ; and they may be observed to be scattered irregularly 
over the segments^ thus a£Fbrding an example of another 
system of organs which have no perceptible relation to the 
metamerism of the body. In a preparation of this kind the 
sensory organs appear as longitudinal furrows^ longer than 
broad, arranged after no system that I could discover, save 
that they were absent upon the intersegmental furrows. In 
transverse sections of the body-wall (cf. fig. 3) the sensory 
organs are seen to lie in the epidermis, but not to reach its 
surface ; they generally cause the membrane which separates 
the epidermis from the underlying layer of transverse muscles 
to be bulged out towards the latter. Above each body is a 
row of short epidermic cells which divide it from the cuticle. 
The real form of the sensory bodies is better seen in longitu- 
dinal sections, for they lie for the most part parallel with the 
long axis of the body of the worm. 

In such a section each sensory body is seen (see fig. 2) 
to consist of a central cylindrical core faintly stained by 
borax carmine, in which are embedded a variable number of 
large oval nuclei. Bound the axis are a series of coats like 
those of an onion, which seem to be composed of an elastic 
membrane ; in such sections, and in the transverse sections 
also, these coats appear as highly refracting fibres. In frag- 
ments of the skin mounted entire and viewed from above, the 
membranes present the appearance of a series of fine striae 
surrounding the axis of the body. Between the several mem- 
branous coats are darkly staining nuclei which are quite 
distinguishable from those which lie in the axis by their very 
much smaller size ; the central nuclei are fully twice the size 
of the peripheral nuclei. 

^ In a forthcoming r6 sum 4 of the classification and distribution of Earth- 
worms to be published in the ' Proceedings of the Bx>yal Physical Society.' 
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These bodies have a striking resemblance to certain *^ end 
organs'' which are found among the Vertebrata; they are 
particularly like the Pacinian bodies, having the same con- 
centric lamellae surrounding a central sheath. It is this 
resemblance which makes me believe that the structures in 
question are of a nervous nature, for I must confess to having 
found no unmistakable evidence of nerve-fibres connected 
with them. It is, however, not easy to trace the ramifica- 
tions of nerves in the skin of earthworms which have been 
preserved with alcohol.^ 

§ Alimentary Canal. 

In its main features the alimentary canal agrees with that 
of Heliodrilus, to be presently described. 

The pharynx is large, and extends back to the 6th or 7th 
segment ; there is no anteriorly situated gizzard, but a series 
of five or six, each occupying a single segment at the junction 
of oesophagus and intestine. 

The oesophagus is lined with a thin chitinous cuticle as far 
back as the opening of the calciferous glands ; beyond this 
point its walls are ciliated. 

§ Calciferous Glands. 

As in Eudrilus, and apparently other Eudrilidse, the pre- 
sent genus is furnished with two kinds of calciferous glands. 

(1) A pair of voluminous glands are attached to the oeso- 
phagus in Segment 13, the cavity of which they largely fill. 
The oesophagus itself is very narrow in this region, scarcely 
wider than the dorsal blood-vessel, which like it is completely 
hidden by the large glands. These glands appear of a reddish- 
purple colour in the spirit-preserved specimen, the colour 
being of course due to the abundant blood-spaces interspersed 
among the tissue of the glands. The glands have a trifid 
appearance as in Eudrilus, and a large blood-vessel passes 
over each. 

In transverse sections these paired calciferous glands are 

' Sinoe the above was written Dr. Horst in a paper cited on p. 269, foot- 
note, haa suggested the sensory natnre of the problematical structures. 



Digitized by 



Google 



STBUOTCJEB OF TWO NEW GBNBEA OF BARTHWOBMS. 248 

seen to consist of numerous folds of epithelium with blood 
lacunae lying between the epithelial layers ; the secretion of 
the glands has the form of small spherical particles. 

(2) The present genus^ like other Eudrilid», possesses 
impaired ventral diverticula of the oesophagus. 

The occurrence of these structures was first put on record 
by myself in Eudrilus sylvicola (1)^ where they are simple 
diverticula with the lining epithelium thrown into a few lon- 
gitudinally running folds. Rosa (10) mentions the presence 
of three such glands in Segments 9^ 10, 11, in Teleudrilus^ 
but gives no special description of them. 

To Michaelsen (7) our chief knowledge of these peculiar 
glands is due. He terms them '^ Chylustaschen,'' and com- 
pares them with certain glandular diverticula in the Enchy- 
trsBidsB. The function of these structures is considered by 
Michaelsen to be not analogous to that of the calciferous 
glands ; instead of secreting calcareous granules like the calci- 
ferous glands, or producing any other kind of secretion, it is 
supposed that they serve for the absorption of food — hence the 
term ^' Chylnstaschen.'' It must be admitted that no cal- 
careous spherules have been found in these pouches, although 
their structure recalls that of the calciferous glands ; so far 
this is evidence, if not in favour of the suggestion of Michael- 
sen, at any rate of their performing a different function from 
that of the calciferous glands in the economy of the worms. 

In Pygmseodrilus the 9th segment contains a pair of lateral 
forwardly directed diverticula; it may be that the impaired 
glands of Eudrilus are formed by the fusion of a pair which 
get to be more and more approximated ventrally : on the other 
hand^ the diverticula of Pygmeeodrilus rather suggest the 
calciferous glands of Urochaeta, which really secrete calci- 
ferous particles. 

No such structures are mentioned in Eudriloides or 
Nemertodrilus. 

In Polytoreutus there are median impaired pouches as in 
Hyperiodrilus, three in number, besides the paired calci- 
ferous glands; the folds in the interior of the glands are so 
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complicated as to present the appearance of a bundle of 
longitudinally running yessels. 

In Hyperiodrilus the ventral oesophageal pouches are in 
certain respects more remarkable. There are three of them in 
Segments 9, 10^ and 11 — one pouch to each segment. 

The pouch appears to communicate with the oesophagus a 
little to the right of the ventral median line. The orifice is 
narrow^ and the cells are at first identical with those which 
constitute the epithelial lining of the oesophagus ; the cells 
are tall and columnar, and between their bases are spherical 
or pear-shaped darkly staining cells (fig. 31) like those of 
the oesophagus. Tracing the pouch back, the cells are seen 
to alter their character, and to become low and quadrangular 
in form, while the epithelium is so folded as to give the appear- 
ance of a series of tubes running approximately parallel to 
each other (fig. 26). At the point of origin of the pouch, as 
shown in fig. 81, the muscular wall of the oesophagus and the 
peritoneal covering becomes reflected over the gland in such a 
way as to leave a wide space between itself and the pouch; 
further back this space is obliterated by the coalescence of the 
muscular and peritoneal layers with the outer layer of the gland. 

Further from the point of the opening of the gland into the 
intestine the appearance of parallel running tubes is increased, 
and they have become at the same time of smaller calibre. 
The cells which form the lining epithelium are broad and 
somewhat flat, though quadrangular in form ; the nuclei are 
thus, owing to the large size of the individual cells, very far 
apart, and the cell outlines are not distinguishable. As the 
folding gets more and more complicated the " tubes '' present 
more and more the appearance of having an intra-cellular 
lumen; this actually does take place at the extremity of the 
pouch. One of the last sections through a pouch is illustrated 
in fig. 26 : it will be seen there that three comparatively wide 
tubules end in a complicated meshwork of fine capillary tubes ; 
the section presents the strongest possible resemblance to a 
portion of a nephridial network such as I have figured in 
Acanthodrilus multiporus. Even the three large tubes 
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figured in that drawing appear to be excavated in the substance 
of cells^ while there can be no possible question about the 
ramification of minute tubes. 

One is tempted to regard every ductule excavated in the 
substance of cells as of nephridial nature^ but the origin of the 
blood-capillaries in the leech by direct canalisation of cells, 
discovered by Lankester and confirmed by Lang, as well as 
unicellular glands with a central duct, shows that this conclu- 
sion cannot be always drawn. 

The study of these oesophageal pouches in Hyperiodrilus 
is instructive as showing how folds may gradually acquire the 
character of a system of tubes, and how the subdivision of the 
tubes, without a corresponding decrease in size of the epithe- 
lium, may ultimately lead to an intra-cellular network. This 
series of facts shows also how irrational is the distinction, 
which some have attempted to draw, between nephridia with 
an intercellular duct and nephridia with an intra-cellular duct, 
e. g. between those of the Polychseta and Oligochseta. 

The tubes are everywhere separated by an abundant plexus 
of blood- capillaries, which seems to form a continuous sinus. 

In Bucholzia there is a dorsal diverticulum of the oeso- 
phagus, which Michaelsen has compared with the ventral 
pouches ofEudrilus; and in this Enchytrseid the diverticulum 
is formed of a number of tubules with intra-cellular lumina. 

§ Generative Organs. 

1. Male Generative Organs. — I could only find a single 
pair of testes; as these were extremely small, it is possible 
that I may have overlooked the second pair. The pair found 
were in the 11th segment ; each is attached to the vas deferens 
just where it issues from the septum separating this segment 
from the one in front. As will be seen later, after the other 
organs of the male reproductive system have been described, 
the peculiar arrangement of the vasa deferentia, which are 
bent upon themselves near to their ccelomic opening, suggests 
that the missing pair of testes, if they are really present, will 
be found in the 12th segment. 

The testes of Hyperiodrilus are not enclosed in a special 
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sac^ as they are in Heliodrilus. The geminal cells muRt 
therefore trust to accident to find their way into the interior of 
the sperm-sacs. 

There are two pairs of sperm -sacs (fig. 44) in Segments 11 
and 12. Each depends from the anterior of the two septa which 
bound the segment by which it is contained. The sperm-sacs 
are not very large^ and are perfectly independent of each other. 
The sperm-sacs are shaped something like a bean^ the hilum 
being the point of attachment to the septum by means 
of a short pedicle. The interior of each sperm-sac is divided 
up by numerous trabecule into a series of very small cavities, 
which contain decidedly more gregarines than developing 
spermatozoa. 

The vasadeferentia present close resemblances to those of 
Teleudrilus (Rosa, 10). The funnel opens into the sperm- 
sac^and therefore traverses the septum twice, since the sperm- 
sacs lie on the posterior aspect of the septa separating 
Segments 11, 12, and 10, 11 respectively. This is precisely 
what occurs in Teleudrilus, and I have recently pointed out 
that in a species ofMoniligaster there must be something of 
the same kind, inasmuch as the funnel projects into the sperm- 
sac which is attached to the front wall of its segment. Gene- 
rally when the sperm-sacs are attached in this way the funnel 
of the vas deferens is not in direct continuity with them, but 
projects freely into the interior of the segment a little way in 
front of the posterior septum of the segment. 

The vasa deferentia open in the way that has been 
described by four rather small funnels completely concealed 
within the four sperm-sacs. On leaving the sperm-sac the vas 
deferens is at first a somewhat narrow tube, lined by numerous 
small quadrangular cells, which are of course ciliated; the 
peritoneal covering is slight, and there is no such conspicuous 
muscular coat as I have figured and described in Eudrilus. 
Almost immediately the vas deferens widens out exactly as in 
Teleudrilus, and is sharply bent upon itself, and again 
traverses the septum; directly it has passed through the 
septum it narrows. The wide U-shaped portion of the vas 
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deferens is lined by a tall columnar epithelium^ and the cilia 
are yery long. The narrow portion lying behind the septum 
is composed of an epithelial layer of low quadrangular cells 
comparatively few in number; the two vasa deferentia of 
each side pass down the body just covered by the peritoneum, 
and on a level with seta No. 3 ; they are accompanied by a 
blood-vessel which supplies them with capillary branches. 

In the 17th segment is situated the terminal apparatus of 
the male reproductive organs, which consist of two large 
''prostate'^ glands or atria, opening on to the exterior by 
means of the protrusible penis. 

Each atrium is furnished with a muscular duct which leads 
to the exterior. 

The entire gland is sausage-shaped, and recalls the corre- 
sponding structure in Acanthodrilus; it has the same form 
as in that genus, and the same opaque white appearance. 
We do not find the nacreous appearance of these organs in 
Eudrilus; the reason for this difference is to be found in 
the absence from Hyperiodrilus of the thick muscular coats 
composed of longitudinal and circular fibres which are charac- 
teristic of Eudrilus. In Hyperiodrilus the muscular 
layer is indeed present, but it is reduced, as shown in fig. 38, 
to a very thin layer. This figure may be compared with 
that illustrating a transverse section through the atrium of 
Eudrilus (Beddard, 1, pi. xxx, figs. 8 — 10). 

The interior of the distal part of the prostate is formed of a 
compact mass of cells loaded with darkly staining granules. 
I could not distinguish (see fig. 42) two layers of cells, such as 
appear to be met with in the prostates of all other earthworms 
in which those glands have the tubular form which they 
exhibit in the present genus ; that this, however, is due to the 
obliteration of the distinction into two layers by the immense 
quantity of secretion present is shown by another specimen 
(fig. 88), in which the inner layer of columnar cells was quite 
plainly visible. 

The vasa deferentia, which retain their distinctness up to 
the very point of opening, open into the glandular part of the 
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prostate nearer to the distal than to the proximal end. The 
direct communication between the vasa deferentia and the 
^' prostate ^^ appears to be the rale with Eadrilidae ; and this led 
me to compare the so-called prostate in the terrestrial Oligo- 
chseta to the atrium of the Limicolous forms. Quite recently 
Benham (6) has expressed himself against this identification^ 
but admits that ^'a portion of the prostate in Perichaeta, 
Eudrilus, and other genera^ in which the sperm-duct and 
prostate form is probably the homologue of the ' atrium ' of 
Tubifex.'^ In this case half of the glandular portion of the 
terminal organ of the vasa deferentia in Eudrilus^Hype- 
riodrilus^ &c.^ will be the equivalent of the '' atrium/' while 
the other half will be comparable to the *^ cementdriise '^ of 
Tubifexl This will hardly do^ for there is no structural 
distinction between the two halves; they form a continuous 
whole. I need not recapitulate here the various intermediate 
conditions which unite the End ril id » with other genera; it 
appears to me impossible to draw a line between the ^' prostate '' 
glands of Perichseta and those of Eudrilidse; they are 
obviously homologous structures. The name that is applied 
to one must be applied to the other. 

There are no penial setae present. 

2. Female Generative Organs. — ^These organs seem to 
be most like those of Stuhlmannia variabilis, which have 
been briefly described by Michaelsen as follows : — '' The 
orifice of the spermatheca situated in the middle ventral line 
of Segment 18 leads into a wide atrium. From this is reached 
an unpaired long sac-like crinkled spermatheca. From the 
atrium arises on each side another spermatheca-like broad 
canal. These two canals extend upwards and fuse together 
above the gut, forming in this way a single short sac, which 
communicates with the atrium by a ring-like canal surrounding 
the gut. Two greatly coiled oviducts, each furnished with a 
receptaculum ovorum, open laterally on Segment 14. On the 
other side they communicate with the spermatheca. The two 
ovaries lie anteriorly in Segment 18. (They are connected by 
narrow canals with the oviducts ?) '' 
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On dissecting a specimen ofHyperiodrilus^ the only part 
of the female reproductive system that could be at first detected 
(fig. 47) was a longish oval spermatheca lying upon the dorsal 
wall of the gut^ in the 13th segment^ and directed backwards. 
After carefully removing the calciferous glands, to which the 
spermatheca and neighbouring part of the reproductive organs 
are closely attached, the spermatheca was seen to divide into 
two thick-walled tubes; these (see fig. 1) are placed close to the 
septum which divides the 13th from the 12th segment, and 
which is conspicuous on account of its being the last of the 
specially thickened septa. The two tubes, asinStuhlmannia, 
completely encircle the gut, and meet below in the small 
atrium which opens on to the exterior by the median pore 
already referred to as existing upon the 13th segment. Each 
of these two tubes is provided on the outer side (fig. 8) with 
a small prominence, which looks like a diverticulum of it, and 
which corresponds to the structure termed by Michaelsen 
'' receptaculum ovorum^' in Stuhlmannia; close to this 
arises on either side the oviduct, which passes straight to its 
opening on the 14th segment. 

The atrium is not furnished with a second diverticulum 
corresponding to the '^ spermatheca '' of Stuhlmannia. 
Fig. 47 represents the parts described as seen on the dissection 
of the worm. In fig. 8 is a more diagrammatic sketch of the 
same parts, in order to display their mutual relations, and 
their position with regard to the oesophagus and the dorsal 
blood-vessel. 

An investigation by means of longitudinal and transverse 
sections shows that these structures, which are alone clearly 
visible on a dissection, and which form a continuous whole 
easily to be separated and mounted on a slide, do not represent 
the entire female reproductive system. 

The ovaries are paired structures, lying as usual in the 13th 
segment ; they are very compact bodies, not frayed out into 
numerous processes. Instead of lying freely in the cavity 
of the 13th segment, each ovary is enclosed in a special 
coelomic sac of a globular form; this sac also includes a 
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portion of the nephridium of the 13th segment (fig. 10) ; 
its walls are made up of muscular fibrils^ and it has a coating as 
well as a lining of peritoneal cells. Each sac is situated near 
to the anterior wall of the 13th segment ; traced backward by 
means of a continuous series of transverse sections^ the sac 
abruptly diminishes in calibre^ and forms a narrow tube which 
is continuous with the tube formed by the narrowing of the 
ovarian sac of the opposite side of the body. A section which 
illustrates these relations is illustrated in fig. 51. 

The bursa copulatrix, which is spherical in transverse 
section, opens on to the exterior by the median pore of Segment 
13. From the bursa copulatrix arises a single blind pouch, 
which may be regarded as the spermatheca. This has alining 
of tall epithelial cells of a glandular appearance, and very thick 
muscular walls. The spermatheca directly it leaves the bursa 
becomes enveloped in a coelomic sac^ as shown in fig. 11 ; this 
coelomic sac is not the connecting tube between the two 
ovarian sacs shown in fig. 61, but it is continuous with 
the sac involving the ovary of its own side; the sperma- 
theca of each side runs up the side of the oesophagus for a 
short way, terminating blindly at about the middle of the dorso- 
ventral diameter. The sac in which the spermatheca is con- 
tained passes right round the oesophagus, and, fusing with its 
fellow of the opposite side of the body, is prolonged backwards as 
an unpaired median sac lying above the oesophagus ; this struc- 
ture is that which is illustrated in figs. 5, 11, and lettered sp\ 

It must be noted, therefore, that what appears on dissec- 
tion to be an unpaired spermatheca, lying above the 
oesophagus and connected with the bursa by a ring 
round the oesophagus, is really a coelomic sac contain- 
ing the true spermatheca, and does not communicate 
directly with the exterior through the bursa copula- 
trix. 

This coelomic space comes into close relations with the ovi- 
ducal funnel which seems to open into the receptaculum 
ovorum (figs. 1, 6, 8^ 11 r. o.), but does not involve the recep- 
taculum or the oviduct. 
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The receptaculum, or egg-sac^ as it may be more simply 
termed^ is of considerable size^ and is divided up into numerous 
compartments^ which lodge the developing ova^ by trabeculsB ; 
it is closely attached to the perioesophageal CGelomic sac^ as 
shown in the figure (fig. 10), and in all probability opens into 
it, though I confess to not having been able to find the actual 
orifice of communication. 

The oviduct is a short, straight tube, which passes directly 
from its opening into the egg-sac to the external aperture upon 
Segment 14. It is lined by a columnar ciliated epithelium, 
and it has strongly developed muscular walls. 

The ccslomic sac involving the ovaries, and continuous with 
the ring round the oesophagus, facilitates the passage of ova 
from the ovary to the receptaculum and to the oviduct ; but 
the extension of the sac beyond the limits necessary for that 
purpose is a little difficult to understand. 

I could not find any spermatozoa in the dorsal sac, nor, for 
the matter of that, in the spermatheca ; and if impregnation 
takes place by the bursa copulatrix, there seems to me to be no 
way by which the spermatozoa could reach the interior of the 
sac. I could detect no orifice leading from the speriociatheca 
to the sac which involves them, and such a connection seems 
hardly likely to occur. 

In nearly all the Eudrilidae the ovary is contained in a 
special coelomic sac, which communicates indirectly with the 
exterior. The principal exception is Nemertodrilus; but 
here the reduction in size of the cavity of the 13th segment 
seems to guide the ova to the aperture on to the exterior of 
the body, and there is thus no need of the formation of a special 
tube (see p. 266). 

The remarkable genitalia of Polytoreutus are perhaps 
rendered more intelligible by the facts which I have been able 
to make out in Hyperiodrilus. I have little doubt that the 
• median sac, communicating on the one hand with the 
" spermatheca,^' and on the other with the oviduct, will prove 
to be a ccelomic space perhaps surrounding the true sperma- 
theca. It seems to be possible that the female organs of 
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Teleudrilus will bear reinvestigating from this point of view. 
The two tubes which are described by Rosa (10) as diverti- 
cula of the spermatheca have a certain likeness to the narrow 
ccelomic sac of Hyperiodrilus, which puts into communica- 
tion the ovarian sacs and the space surrounding the sperma- 
theca ; and they approach each other in the middle line, which 
suggests the possibility of their being really fused. 

The mature ova have the characters illustrated in fig. 49. 
The most remarkable feature is a thick, darkly staining mem- 
brane, which completely surrounds the ovum ; this membrane 
is traversed by numerous pores. 

I have described something of the same kind in Eudrilus 
(2), where, however, it forms a cap at one end only of the ovum. 
After examining Hyperiodrilus it seemed possible that I 
was mistaken in considering that the membrane in question 
was limited to half of the ovum in Eudrilus. I cannot, how- 
ever, find that I have made any mistake in this matter in my 
description of Eudrilus.^ This being so, it does not seem yery 
likely that the cap of darkly staining cubical bodies which 
cover one pole of the ovum in Eudrilus are comparable to a 
radiately striated egg-membrane; such a membrane would 
surely be produced round the whole of the periphery of the 
ovum at once. There are, therefore, still reasons for adhering 
to the opinion which I expressed in the paper dealing with the 
structure of that ovum, viz. that the columnar layer is in reality 
a product of the follicular cells, being formed by the metamor- 
phosis of a certain number of them. This opinion is considered 
by Vejdovsky (12) to be probably true. 

The resemblance between this structure in Eudrilus and 
the complete membrane which surrounds the ovum of 
Hyperiodrilus is close; but I do not feel sure that they 
actually correspond ; a membrane surrounding one half of the 
ovum seems to be exceedingly anomalous. The ova within 

^ My description has been confirmed in a paper by Dr. Horst which I 
received after the present memoir was sent to Professor Lankester, " Sur 
qnelqnes Lombriciens exotiques appartenant au genre Eadrilus/' ' M6m. Soc. 
Zool. de France,' t. iii, p. 223 (cf. fig. 11 of plate). 
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the compartment of the egg- sac are associated with a few 
germinal cells^ which are generally closely attached to the 
ovum^ and frequently show signs of degeneration. The masses 
of immature germinal cells and ova^ in all stages of develop- 
ment^ which I have figured and described in Eudrilus (2) 
are not to be found in the present genus. 

II. — ^Heliodrilns lagosensis, nov. gen., n. sp.^ 

Among a number of earthworms which arrived in a Wardian 
case at Kew Gardens from Lagos^ West Africa^ was a single 
specimen which I refer to a new genus^ belongings like Hy per i- 
odrilus^ to the family Eudrilidse. 

§ External Characters. 

It is of about the same size and colour as Hyperiodrilus^ 
but the external characters of the specimen when killed and 
preserved are quite unlike those of the former species. 

The prostomium is of the same form as that of Hyperio- 
driluB. 

The set» have precisely the same arrangement as in 
Uyperiodrilus — ^that is to say^ the ventral couple are at some 
little distance from each other^ while the lateral couple are very 
closely approximated. 

The clitellum was not very distinctly marked^ but appeared 
to comprise four segments^ 14 — 17. 

Dorsal pores could not be detected. 

The nephridippores are placed in front of the lateral setsB. 

The oviducal pores^ as in all Eudrilid®, are lateral in 
position ; they are upon the 14th segment^ and are quite con« 
spicuous, owing to their being surrounded by a slightly raised 
margin. 

The male generative pore is unpaired and median in 
position ; it lies upon the border-line between Segments 17 and 
18: the pore is situated upon the summit of a prominent 
elevation. 

^ The generic name might be confused with Helodrilus if there were 
any chance of that problematical form ever being properly identified. 
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The spermatbecal orifice was not visible upon the 
exterior ; by means of transverse sections it was found to be 
upon Segment 11. 

The most characteristic external mark of this species is 
afforded by a series of sucker-like structures. There are 
six of these, one to each of Segments 10 — 16. The last three 
are accurately median and ventral in position, and are situated 
on about the middle of their segment. The two in front are 
placed considerably to the left of the middle line, as shown in 
fig. 21 ; the first is nearer to the middle line. 

§ Integument. 

The epidermis of Heliodrilus agrees in every particular 
with that of Hy period rilus, as does also the structure of 
the clitellum. The limits of this modified region of the 
body- wall could not be ascertained with certainty by an inspec- 
tion of the worm ; transverse sections show that it extends over 
Segments 14 — 17. 

The peculiar sensory organs which are so characteristic of 
the Eudrilidfle occur in Heliodrilus ; their structure calls for 
no remark, as they resemble in every particular those of 
Hyperiodrilus, which have been already described on p. 236. 

The muscular layers of the integument are also identical in 
every respect with those of Hyperiodrilus. 

§ Alimentary Tract. 

The buccal cavity occupies the first three segments. 

The pharynx extends back to the 6th segment. 

The (Bsophagusis very narrow, and passes back without any 
change as far as the 10th segment ; here it becomes narrower^ 
and the lining epithelium is thrown into a series of regular 
longitudinal rugsB ; at the mesentery before the 11th segment, 
as in the case of the subsequent segments, it becomes a trifle 
wider, recurring to its former dimensions, which are between 
one third and one fourth of the diameter of the body of the 
worm in this region. The first of the two ventral oesophageal 
pouches lies in this segment, and is directed forwards, having 
anteriorly no connection with the wall of the cesophagus; 
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further back it is suspended by two closely approximated and 
very delicate mesenteries, which later become continuous with 
a bridge of tissue, along which blood-capillaries pass from the 
perioesophageal blood-sinus to the vessels of the pouch. This 
bridge forms the walls of the aperture of communication 
between the oesophagus and the pouch. The minute structure 
of the pouch isasinHyperiodrilus, but there is no splitting 
of the muscular layer of the oesophagus at the origin of the 
pouch, such as I have figured and described in that earthworm. 

The second pouch, which lies in the 12th segment, has a 
precisely similar origin from the oesophagus, and is identical in 
all respects with the first. 

In the next segment is a third oesophageal pouch, which is 
very much smaller than either of the other two ; its interior is 
not so subdivided by the development of folds, and the aperture 
into the oesophagus is distinctly larger ; it has the characters 
rather of a folded-ofi^ portion of the oesophageal tube than of a 
diverticulum. 

After this the tube remains narrower for some distance, with 
the epithelium longitudinally folded ; it is here, as throughout 
its whole extent up to this point, lined by a thin chitinous 
layer; there is, however, no gizzard upon the oeso- 
phagus, and no special thickening of its muscular 
coat which could be compared to a gizzard. 

In the 14th segment the oesophagus becomes wider, and 
receives the ducts of the calciferous glands ; these ducts have 
exactly the same structure as the oesophagus, and are not of a 
very greatly inferior calibre. Their epithelium is dis- 
tinctly ciliated; each duct opens by a wide aperture on to 
the side of the oesophagus. After the opening of the ducts of 
the calciferous glands the epithelium of the oesophagus 
alters its character and becomes ciliated. The dia* 
meter of the tube is at the same time larger, and the plexus of 
blood-vessels more richly developed. Commencing with the 
18th segment the alimentary canal is provided with six gizzards, 
one to the 18th and to each of the five following segments, 
connected by sections of thin-walled intestine. 

VOL. XXXII, PABT II. — NEW SBB. K 
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§ Body-cavity. 

As is usual in earthworms^ the first few segments are not 
separated from each internally by regular septa; irregular 
fasciculi of muscles attach the buccal cavity and the pharynx 
to the parietes. The 5th segment is separated from the 6th 
by the first regular intersegmental septum ; this and the 7th 
which follow are specially thickened^ and consist of several 
layers of muscular fibres. These septa (fig. 48) fit into each 
other like a series of cups ; they arise from points which corre- 
spond accurately with the intersegmental furrows. 

The coelom in this worm is further broken up into the com- 
partments which lodge the testes and extremities of the vasa 
deferentia^ and into those which lodge the ovaries and the 
spermatheca ; finally a special sac encloses the supra-intestinal 
blood-vessel. All these coelomic chambers are specially 
described under the different organs which they enclose. 

As in other Oligocheeta (cf. Kiikenthal 13), the coelomic cor- 
puscles are of two kinds. 

§ Vascular System. 

The supra-intestinal vessel exists in Heliodrilus, and 
is connected with the hearts, as Perrier was the first to point 
out in some other genera. 

In Heliodrilus this vessel is small, and lies in a special 
coelomic space above the gut. A transverse section through 
the supra-intestinal vessel and this perihaemal sac is illustrated 
in fig. 46. The sac has exceedingly thin walls, which are con- 
nected with the walls of the blood-vessels by irregularly dis- 
posed trabeculae; the interspaces are largely filled with cor- 
puscles which have the characters shown in the figure ; these 
cells are quite similar to those which occur in the walls of the 
intestine. The inclusion of the supra-intestinal vessel in a sac 
recalls the similar perihaemal space which I have described in 
Deinodrilus (4) as surrounding the dorsal blood-vessel. 

The large ** hearts'' of Segments 11 — 18 communicate 
with the supra-intestinal as well as with the dorsal vessel. The 
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supra^intestinal vessel does not^ as it does in Eudrilus, become 
doable above each of the ventral cesophageal poaches. 

§ Oenerative Organs. 

(1) Female Organs. — As in most of the genera belonging 
to the family Eadrilidse^ there is a complicated system of 
coelomic spaces developed in connection with the ovaries and 
the other organs belonging to the reproductive system. 

The ovaries are paired, and in Segment 18. Each ovary is 
enclosed in a sac which it almost completely fills ; a narrow 
tube running dorsal to the nerve- cord connects the ovarian 
sacs of the two sides of the body ; there is further a communi- 
cation between the ovarian sac and the egg-sac of its own 
side, as in Teleudrilus and Hyperiodrilus : this communi- 
cation is effected by a coelomic tube which is at first very 
narrow ; as it approaches the egg-sacs it becomes wider, and 
finally forms a somewhat oval sac enclosing the funnel of the 
oviduct and communicating with the egg-sacs, into which the 
oviducal funnel also opens. So far as I can make out from a 
complete series of transverse sections the arrangement is, so 
far, very like that which has been figured and described by 
Rosa in Teleudrilus (10); but Heliodrilus apparently 
difiers from Teleudrilus, and certainly agrees with Hyperio- 
drilus in the communication between the right and left 
ovarian sacs. I found it quite easy to trace the course of the 
tube which connects the ovarian sac with the considerable 
space surrounding the funnel of the oviduct ; but any doubt as 
to the reality of this connection is removed in the present in- 
stance by the occurrence of ova floating freely in the wide 
space round the funnel ; for the most part these ova were to 
be observed singly, each surrounded by a follicular layer of 
flattened cells, of which the nuclei alone were conspicuous : in 
a few cases the ova were also surrounded or partially surrounded 
by groups of germinal cells, as a rule comparatively few in 
number. The ova in the ovary, as well as those which I found 
in the sinus surrounding the funnel of the oviduct, had a well- 
developed vitelline membrane, but showed no traces of the 
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remarkable striated membrane which I shall refer to directly 
in describing the ova within the egg^sacs. 

The oviduct has been incidentally referred to in the fore- 
going description; it opens into the egg-sac and into the coelomic 
space continuous with the perigonadial sac; it is a short tube, 
and passes straight to its opening upon the 14th segment; it is 
not twisted upon itself, as is the oviduct of Eudrilus. The 
oviduct has fairly thick muscular walls^ the fibres of which are 
for the most part arranged in a series of rings round the tube^ 
and a lining of columnar ciliated cells. The calibre of the 
oviduct diminishes gradually from the funnel to the external 
aperture. 

The egg-sacs are also situated in the 14th segment: the 
septum dividing this segment from the one in front is entirely 
or largely absent; but the position of the egg-sacs within the 
14th segment suggests that they lie near to where the anterior 
wall of that segment should be. The interior of the egg-sacs 
is divided up by trabeculae anastomosing with each other into 
a series of very small compartments, only just broad enough 
to contain a single ripe ovum; the compartments, as in other 
earth wormSj are lined with small peritoneal cells (see fig. 29). 

The mature ova do not present any noteworthy differences 
from those of Hyperiodrilus. 

Spermatheca. — As in Hyperiodrilus, there is only a 
single spermatheca present, which lies on the right side of the 
body — the opposite side, therefore, to that which the sperma- 
theca occupies in Hyperiodrilus. The spermatheca in 
Heliodrilus is a large conspicuous organ, which can be seen, 
on a dissection of the worm, to reach on to the dorsal side of 
the gut ; it contrasts, therefore, with the very small sperma- 
theca of Hyperiodrilus. As in the latter worm, the appa- 
rent bulk of the spermatheca is increased by a prolongation of 
the perigonadial sinus which partially surrounds it; but the 
arrangement of this sinus in Heliodrilus is very curious, and 
quite unlike that of Hyperiodrilus. But before describing 
the sinus I will direct attention to the characters of the 
spermatheca itself, which differs in certain points from the 
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spermatbeca of any other Eudrilid^ or in fact any other earth- 
worm at present known. 

It is a large oval sac lined by columnar cells ; a portion of 
one of the walls is represented highly magnified in fig. 87 : 
below the layer of columnar cells are some smaller cells, the 
contours of which are not very clear, though their nuclei arc ; 
outside these are a few muscular fibres, which make up a layer 
of no great thickness. The interior of the spermatheca con- 
tains a granular substance which appears to be formed by the 
columnar cells. The calibre of the spermatheca (fig. 41) 
gradually diminishes towards the apex and towards the ventral 
side of the body ; here the cells lose their glandular character, 
and become at the same time considerably shorter, so that the 
muscular coat appears to acquire an additional thickness. 
The narrow duct of the spermatheca does not open upon the 
13th segment as in Hyperiodrilus, but bends under the 
nerve-cord and runs forwards, always lying beneath the nerve- 
cord, as far as the 11th segment; throughout the whole of its 
course beneath the nerve-cord it is a narrow tube with thick 
muscular walls, and a lining of short columnar cells, which, it 
is perhaps unnecessary to remark, show no traces anywhere of 
cilia. The diameter of the spermathecal tube in these seg- 
ments is about equal to that of the nerve-cord. In the 11th 
segment the spermathecal tube perforates the body-wall, and 
opens on to the exterior by an inconspicuous orifice which is 
situated on the median ventral line. The ventral sucker-like 
organ of this segment is pushed to one side, as shown in fig. 
21, and does not therefore interfere with the accurately median 
position of the spermathecal pore. 

The number of segments occupied by the spermatheca is 
thus considerably in excess of that which is found in any other 
earthworm. 

If the spermatheca is developed in the Eudrilidss as in the 
Lumbricidse by an inpushing of the epidermis, the point of 
opening will fix the morphological position of the organ ; hence 
Heliodrilus serves in this respect to connect the Eudrilidas 
with other earthworms, for the spermatheca opens in front of 
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the ovarian segment^ and yet the main part of the organ lies in 
that segment. 

The apex of the spermatheca cannot be seen on a dissection 
of the worm, for the reason that it lies embedded in a coelomic 
sac. Figs. 82 — 34 represent a series of sections showing the 
relations of the spermatheca to this sac. The sections are part 
of a series running from behind forwards ; towards the poste- 
rior end of Segment 14 the end of the spermatheca is 
seen to lie between two coelomic spaces^ which are really 
continuous^ and envelop the apex of the spermatheca as seen 
a few sections later; in this section the extremity of the 
spermatheca is seen in transverse section to lie in the middle 
of the coelomic sac, which is incomplete dorsally : this is, 
however, merely due to an accidental cut ; the sac is really 
closed. Bound the spermatheca is a mass of tissue which is 
seen in a later section to be the wall of a second sac lying 
within the first. The spermatheca is pushed against the 
wall of this, driving it before it for a little way, but it hardly 
enters the second sac: fig. 84 is therefore a little exaggerated in 
this particular ; the cavity of the spermatheca does not appear 
to be continuous with that of the second sac, although I should 
have preferred longitudinal sections to decide the point ; in any 
case the character of the lining cells is absolutely different. 
This second sac which lies within the first is also closed; 
it has the same general structure, consisting of two layers 
of peritoneum, between which are a few fibres of what 
appears to be muscular tissue; but the lining peritoneum, as 
shown in fig. 88, is very much thicker, and the cells are larger 
and rounded. 

In both sacs masses of corpuscles lie here and there within 
the lumen. 

The outer coelomic sac gradually narrows ventrally, and ulti- 
mately becomes an extremely narrow tube, which is attached to 
the spermatheca by the mesentery; it finally becomes continuous 
with the perigonadial sinus. The general disposition of the 
female reproductive organs and of these coelomic sacs connected 
with them is shown in a semi- diagrammatic form in fig. 41. In 
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reconstructing this figure from the transverse sections I have 
put in the intersegmental septa between Segments 12, 
13, and 18, 14, which I have not actually observed; I 
imagine that they will be found to be partially absent, as in 
Hyperiodrilus. The position of the coelomic sacs is also 
not quite as in nature; they have been slightly altered to 
permit of everything being seen in one figure : but these altera- 
tions do not affect the mutual connection of the various parts ; 
these are, I trust, accurately displayed in the figure, and also 
in fig. 36, which represents the apex of the spermatheca {sp.) . 
Comparing the arrangement of these parts in Heliodrilus 
with that of Hyperiodrilus we find an increase in size of the 
spermatheca, and a decrease in size of the coelomic sac involving 
the spermatheca. The latter, instead of forming a complete 
ring round the oesophagus completely enclosing 'the sperma- 
theca on one side, is only developed on one side of the body, 
and surrounds only the extremity of the spermatheca. The 
second sac, lying within the dorsal dilated part of the sac which 
surrounds the extremity of the spermatheca, is peculiar to 
Heliodrilus, and is an extraordinary structure, concerning 
the meaning or function of which I can offer no suggestion. 
The enormous development of the lining cells of the circum- 
oesophageal sacs of Hyperiodrilus into the similitude of a 
glandular epithelium is not found in Heliodrilus. It is pos- 
sible, however, that it is a periodical occurrence which does not 
happen to have taken place at the time when the only specimen 
of Heliodrilus that I possess was killed. The reduction of 
the coelomic sac surrounding the spermatheca not only in size, 
but also in the extent to which it involves the spermatheca, 
culminates in Eudrilus, where, as far as I can see, there is no 
vestige of any perispermathecal sac left. I should like to make 
this point quite certain, but in any case it is evident that if 
such a sac does exist, there must be merely traces of it. The 
question is whether Eudrilus represents the last term in this 
series of modifications, or whether Hyperiodrilus does; 
from what we know of the anatomy of the Oligochseta it seems 
more reasonable to suppose that the development of these 
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coelomic spaces is secondary. Accordingly^ as regards the 
EndrilidaBy Eud rilus represents perhaps the most archaic form. 
This is also, it may beremarked^in accordance with the fact of its 
geographical distribution. It occurs in South America, the 
West Indies, St. Helena, New Caledonia, and New Zealand, 
being therefore one of the most widely spread of earthworms. 
It seems, therefore, permissible to argue from Eudrilus to 
the other Eudrilidee ; and this I have attempted to do in the 
case of the ovarian oviducts and atria (see p. 268). It would 
be interesting to ascertain how far the spermathecal coelomic 
spaces are represented in Teleudrilus; the connection 
between the perigonial sinus and the egg-sac is developed in 
that genus as in Heliodrilus and Hyperiodrilus, but not 
Eudrilus. 

2. Male Generative Organs. — ^The testes are, asusual, 
paired structures which lie in the 10th and 11th segments. 

Each testis has a number of processes of unequal sizes, as 
is so very generally the case with earthworms. The testes, 
however, do not conform to the general rule in their position ; 
they lie near to the posterior septum of their segment, as in 
Acanthodrilus annectens (4), alone among earthworms at 
present known. 

Furthermore, each testis, instead of lying freely in the 
CQslom, is surrounded by a small sac, which is only large 
enough to contain the testis (see fig. 15) ; this sac is attached 
to the lateral parietes some way above the nerve-cord by a thin 
mesentery (fig. 16, mes.), and directly to the septum which 
divides its segment from the one following. This sac has for 
its size tolerably thick muscular walls, and of course a lining 
as well as a coating of peritoneal cells. 

The vasa deferentia have the same curious arrangement 
that Rosa was the first to describe (10) in Teleudrilus, and 
which I have already mentioned as occurring in Hyperio- 
drilus; each vas deferens perforates septa 10, 11, or 11, 12, 
and then, passing back, again perforates them to reach the in* 
terior of one of the sperm-sacs which depend from the posterior 
surface of these septa. 
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Bat in H el iodr litis there are some differences of detail. 
The expanded portion of the vas deferens, which lies in front 
of septa 10, 11, and 11, 12, is proportionately much larger, 
while the narrow neck by which it is connected with its funnel 
is much longer than in Hyperiodrilus. 

Furthermore, the expanded portion lies in the coelomic space 
which contains the testis, or rather it is closely invested by a 
narrow space (6gs. 11, 16, and 18, coelom), which is perfectly 
continuous with that enclosing the testis. Sections show that 
there is no real demarcation between these spaces, which form 
on each side a pair of sacs — one larger enclosing the vas 
deferens, and one smaller containing the testis. It should be 
mentioned that the vas deferens itself on the posterior side of 
each of the septa lies quite freely in the coelom. 

The dilated region of the vas deferens is quite similar in 
structure to the rest of the tube ; it is lined by a layer of 
low columnar ciliated cells, and is invested by a sheath con- 
taining a few muscular fibres. The interior, as in Eudrilus, 
was filled with loosely lying spermatozoa, not compacted 
together in any way. 

The proportions of this dilated sac to the oesophagus are 
shown in fig. 11, which is copied from a drawing made by 
the help of the camera lucida. The details of structure and 
the proportions of the investing sac are more clearly shown in 
fig. 35. 

Atria. — I term the structures in question ''atria'* rather 
than '' prostates'' for the reason that I have given elsewhere (4), 
and recapitulated briefly on p. 248 of the present paper. They 
form a pair of long tubes, which were disposed as follows in 
my specimen. On the right side of the body the atrium, which 
opens, as already stated, on to the 17th segment, passed straight 
back as far as the 24th segment ; it was then sharply bent 
back upon itself, and again reached the 17th segment, where it 
ended blindly. On the left side the atrium was entirely con- 
tained within the 17th, 18th, and 19th segments, being much 
folded (fig. 18). 

A dissection of the worm did not show any differentiation of 
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the atrium into a glandular and an efferent section^ such as 
is found in Hyperiodrilus and in other earthworms. There 
is no such sharp demarcation between the highly glandular 
more distal part of the atrium and the duct which perforates 
the body-wall^ and is lined with simple columnar epithelium. 

The glandular part of the atrium has the typical structure^ 
although the demarcation between the two layers of cells was 
obscured by the great abundance of secretion ; the inner layer 
conld be only detected by the presence of a regular row of 
nuclei. Towards the external aperture the character of the 
lining epithelinm gradually alters : this alteration affects^ in 
the first place, the thickness of layers ; they become gradually 
thinner, until not far from the external orifice there is but a 
single layer of cells. The cells in this layer (fig. 89) are of 
two kinds — ^large swollen glandular cells with a scanty amount 
of protoplasm lie embedded in a mass of narrow columnar cells ; 
when the tube enters the body-wall on its way to the exterior 
the glandular cells disappear, and there are only columnar cells 
present of a non-glandular character. 

The yasa deferentia, as in Hyperiodrilus and 
Eudrilus, open into the glandular portion of the atrium, 
which is, I should remark, not divided into two chambers 
bound up in a common sheath, as it is in Eudrilus. The 
two vasa deferentia retain their distinctness, and open into 
the atrium (fig. 42) at some little distance from each other. 

The glandular part of the atrium has a very thin muscular 
sheath ; this becomes thicker towards the external orifice, 
where it is plainly divisible into two layers — an outer layer of 
circular fibres, and an inner layer of longitudinally running 
fibres. The layers, however, are even here very thin, and do 
not consist of more than two rows of fibres. The two atria 
traverse the body- wall independently of each other, and unite 
at the bottom of a tubular depression which communicates 
directly with the exterior. The structure of the parts is such 
that it does not appear to be capable of eversion as a penis. 
There are no penial setae present. The body- wall is consider- 
ably thickened in the region of the atria for some distance on 
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either side of the ventral line ; the thickening ceases at the 
first seta. 

A curious fact in relation to the atria is the connection of 
the nephridia with these organs. In the other segments of the 
body the nephridia open in front of the lateral setae ; but in 
the 17th segment the duct of the nephridium traverses 
the ventral body^wall in an oblique direction^ and 
joins the atrial duct just before its opening into the 
external depression already spoken of (fig. 40). As this 
occurred on both sides of the body it does not seem likely to 
be an abnormal condition characterising the individual only. 

§ Summary of more important facts in the structure of Helio- 
driluB and Hyperiodrilus. 

(1) The epidermis is furnished as in other EudrilidsB, and in 
that family alone, with peculiar organs possibly of a sensory 
nature ; the^ consist of a central nucleated core surrounded 
by many nucleated sheaths ; the organs have a certain resem- 
blance to Pacinian bodies of Vertebrates^ and are scattered 
irregularly over the surface of all the segments save the first. 

(2) The alimentary canal has a single pair of large lobed 
calciferous glands in the 13th or 14th segment; in each of 
Segments 10, 11, 12, is a median diverticulum of the oeso- 
phagus, of which the epithelium is much folded, so that it 
presents the appearance of a series of parallel tubes ; peri- 
pherally the cells themselves are excavated, and form a rami- 
fying system of ductules ; the pouch of Segment 10 is smaller, 
and the foldings are much simpler and do not anastomose. 
There is no anterior gizzard, but six gizzards, one to each 
segment, at the junction of the oesophagus with the intestine. 

(8) The supra-intestinal blood-vessel in the oesophageal 
region is enclosed in a special coelomic compartment, which is 
almost filled by deeply staining nucleated corpuscles. 

(4) The male genital pore is single and median upon 
Segment 17. The *' atria " are glandular and very long ; in 
Heliodrilus the vasa deferentia open into them in both 
genera. In neither are there any penial setee, but in Hype - 
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riodrilus there is a penis, which is a hollow process of the 
body-wall. In both genera the vasa deferentia open in the 
11th and 12th segments into the interior of the sperm-sacs; 
each vas deferens perforates the septum^ from which the sperm- 
sac depends^ twice. 

(5) The ovaries are enclosed in special ccelomic sacs which 
communicate with the egg-sac^ and are prolonged dorsalljr so 
as to entirely (Hyperiodrilus) or partially (Heliodrilus) 
enclose the single spermatheca which opens on the middle line 
of the 13th (Hyperiodrilus) or 11th (Heliodrilus) seg- 
ment ; in the latter case the spermatheca itself lies in the 13th 
segment^ and has a long duct. In Hyperiodrilus the peri- 
gonadial sacs form a ring round the oesophagus^ and are con- 
nected with a dorsal unpaired sac. 

III. — Some Hotes upon Hemertodrilus griseus^ Mich. 

The principal points in the anatomy of this Eudrilid have 
been already made out by Michaelsen ; there are^ however, a 
few facts of minor importance which I have been able to note 
down from the examination of specimens which Dr. Michaelsen 
was so good as to place at my disposal. With regard to the 
female reproductive organs^ I can only confirm the accurate 
description given by Michaelsen; but the structure of these parts 
suggests certain reflections concerning the homologies of the 
various organs which constitute the female reproductive system 
in the Eudrilidse. As Michaelsen has stated^ the cavity of 
Segment 13 is greatly reduced, so that the ovaries are enclosed 
in a narrow chamber ; the receptaculum ovorum communicates 
with this segment, and is also connected with a large pouch 
extending on each side of the body through several segments. 

Michaelsen suggests that these large pouches may be possibly 
the equivalents of the receptacula and the distal part of the 
spermatheca. The proximal part of the spermatheca on this 
supposition is represented by a pair of orifices, of which more 
later, opening into the exterior of the body from the reduced 
cavity of the 13th segment. Dr. Michaelsen decidesj however. 
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that most probably the sacs in question are simply extensions 
of the egg-sacs^ inasmuch as there is no definite break between 
them and the egg-sacs; the trabeculsd which divide up the 
interior of the egg-sac into a series of more or less isolated 
compartments^ as in other earthworms^ get gradually less and 
less until the cavity becomes perfectly smooth. 

The paired orifices upon the 13th segment are considered 
by Michaelsen to represent the rudiments of spermathecse 
which open into this segment in other Eudrilidae. 

These orifices are fringed with numerous frayed-out cellular 
processes, which would appear to be of the nature of prolifera- 
tions of the peritoneum. 

The effect of these must be analogous to the twigs of a 
lobster-trap; they would prevent egress from the interior of 
the segment, but would permit the penis to be thrust in. It 
seems most likely that these orifices are used in copulation ; 
the sperm can then readily find its way into the interior of the 
egg-sacs; and as a matter of fact I can fully confirm 
Michaelsen's statement that bundles of spermatozoa are found 
in the interior of these sacs. 

The large sacs which extend from the 14th to the 17th seg- 
ment seem to me to be in all probability equivalent to the 
coelomic sacs which I have just described in Hyperiodrilus 
as encircling the cesophagus and fusing above it to form a 
large unpaired sac. I consider that Michaelsen is quite right 
in deciding that they do not represent a portion of the two 
spermathecaa cut off from the duct leading to the exterior; 
but, on the other hand, I regard my own identification 
of these openings as a little more probable than that of 
Michaelsen. 

The relationship of the egg-sacs to the coelomic sacs in this 
genus and in Hyperiodrilus is something like that of the 
sperm-sacs in Dichogaster and other worms to certain sacs 
connected with the testes and the funnels of the vasa deferentia. 
It is, perhaps, worth remarking that the connection of these 
sacs above the intestine is curiously paralleled by the connection 
of the ovarian sacs in Hyperiodrilus. Next, with regard to 
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the paired orifices npon Segment 18^ Michaelsen considerB 
these to be the remains of the spermathecse which open on to 
this segment in Eudriloides^ Telendrilus^ and other 
Eudrilids. This identification cannot be regarded at present 
as being anything more than possible. The spermathecae of 
Lumbricus are developed as involutions of the epiblast^ and 
if the course of development of the spermathecse in the Eudri- 
lidae is the same^ it is not likely that they could ever come to 
be represented by pores. 

Considering the matter necessarily in the absence of any 
knowledge of the development of the parts in question^ it 
seems possible to regard these pores as the rudimen- 
tary equivalents of oviducts. 

In describing the structure of Eudrilus I have pointed out 
that there are apparently two pairs of oviducts present in that 
worm. One pair^ represented in all other earthworms^ open 
on to the 14th segment ; the other pair are short tubes con- 
nected with the sac involving the ovary in Segment 18 ; they 
open in common with the spermatheca and the other oviducts 
on to the 14th segment. 

These peculiarly modified organs in Nemertodrilus are 
quite intelligible on the hypothesis that they have been 
derived from the corresponding organs of Eudrilus. 

I pointed out that there was some evidence in favour of 
regarding the oviducts of Segment IS as being in course of 
degeneration ; they are very shorty with feebly developed walls^ 
and the lining epithelium is not ciliated. This reduction is 
carried further in Nemertodrilus; the oviducts are reduced 
to the condition of the oviducts in the Enchytreeidae^ where there 
is little more than a pair of orifices. At the same time the 
coelomic cavity of the segment is greatly reduced ; this renders 
it easy for the ova to reach the exterior through the oviducts 
of the 14th segment^ which are apparently as well developed 
as in Eudrilus. 

InTeleudrilus there is no trace (?) of the oviduct of Seg- 
ment 18, and, except for the continuity of ovarian sac with 
the receptaculum, the female reproductive organs of this genus 
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are not far removed from those of the more typical Oligo- 
chaeta. 

It is perhaps possible to regard the pores in Nemerto- 
drilns as the earlier condition. Observations upon the abdo- 
minal pores and oviducts of certain Ganoids and Teleosteans 
seemed at one time to indicate that the pores were the 
primitive structures^ and that a groove in the peritoneum^ 
converted later into a tube^ connected these pores with their 
respective gonad. But if Jungersen^ is right in looking upon 
the oviducts of Teleostei as being after all Miillerian ducts, 
this view must fall to the ground. Sedgwick^ brings forward 
many facts towards proving that in Peripatus the genital 
ducts are coelomic sacs communicating with the exterior by 
pores. The ovary in Nemertodrilus, closely invested by the 
CGBlom which opens on to the exterior by a pore, is comparable 
to the gonad and its duct in Peripatus; it is possible, as I 
have already suggested, that in Eudrilus the oviduct is only 
a portion of the coelom connected with a pore ; but I am more 
disposed to hold that Nemertodrilus is in these points a 
degenerate form of Eudrilus ; the reduction of the coelom of 
Segment 13, and the disappearance of the spermathecae bears 
out this view. 

In any case two pairs of oviducts seem to imply two 
pairs of ovaries, which are reduced to one by the disappear, 
ance of the anterior oviducts. And we thus arrive at the 
normal condition of the female reproductive organs in earth- 
worms. 

In Teleudrilus the complete disappearance of one pair of 
oviducts is correlated with the disappearance of the second 
pair of ovaries. 

In short, the new facts discovered by Dr. Michaelsen lend 
support to the conclusions which I formulated in the paper 
referred to above, apart altogether from the question as to the 

^ "Beitrage zar Kenntniss der Entwickelung der geschlechtsorgane bei 
den Knochenfischen," ' Arb. Zool. Zoot. Inst.,* Wiirzburg, 1890. 

' "A Monograph of the Development of Peripatua capensis," 
^ Studies Morph. Lab. Cambridge,' vol. iv, part 1. 
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primitive or non-primitive condition of the reproductive system 
in Eudrilns. 

The atria present the appearance of the corresponding 
organs in Acanthodrilus or Pontodrilus—that is to sajj 
they form two somewhat bent tubes of an opaque white 
colour ; they differ^ however^ in the fact that it is impossible 
to distinguish a muscular and a glandular portion : in the two 
genera mentioned, and in many other forms in which the atria 
are tubular, the organ communicates with the exterior by a 
narrow duct ; this duct is lined with an epithelium which is 
not in the least glandular, and is surrounded by a tolerably 
thick muscular coat. In Nemertodrilus no such duct is 
present; the organ is identical in structure throughout with 
the glandular part in Acanthodrilus: its epithelium is of 
two kinds ; the innermost layer is formed by a single row of 
unusually short columnar cells ; beneath these are the usual 
layers of pyriform gland-cells, each with a long slender pro- 
longation which reaches, or nearly reaches, the lumen of the 
gland. 

As Ferrier (8) first remarked, the atrium of Eudrilus is 
remarkable on account of its nacreous appearance and per- 
fectly straight course. The nacreous appearance is due to an 
enormously thick muscular coat, which I figured in transverse 
section in a paper dealing with the structure of Eudrilus 
sylvicola (1). 

In Nemertodrilus, as I have already implied by compar- 
ing the appearance of the organs to that presented by the 
atria of Acanthodrilus and Pontodrilus, the nacreous 
appearance is entirely wanting. Sections of the atrium, 
however, show that the muscular coat itself is not absent, 
but is greatly reduced as compared with Eudrilus and, ac- 
cording to Rosa's observations, Teleudrilus. The whole 
organ, in fact, is a little more degenerate than that of Eu- 
drilus. Considering the absence of the duct, which is 
so universal a feature of the atrium among earthworms, I 
should be disposed to regard the atrium of Nemertodrilus 
as having been derived from that of Eudrilus by reduction. 
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and not vice versd. There is at any rate nothing in the facts 
which is opposed to this view^ though the converse might be 
asserted with some probability. 

As Dr. Michaelsen has pointed out^ the two vasa deferentia 
of each side retain their distinctness^ but are accurately super- 
imposed^ thus giving rise to the impression that but one tube 
is present. 

A curious peculiarity in the vasa deferentia of Eudrilus, 
which appears to be confined to that genus and to other 
Eudrilidffi^ was first pointed out by myself. In those genera 
each vas deferens has^ like the atrium into which it opens^ a 
well-developed muscular tunic; each vas deferens, moreover, 
in those very aberrant earthworms commences with a very 
wide dilatation immediately connected with the funnels. 

In both these points Nemertodrilus differs from its two 
allies — the vas deferens has neither the oval or spherical di- 
latation nor the muscular coat ; it conforms, in fact, in every 
particular to the usual type met with among earthworms. 

Michaelsen mentions that the two vasa deferentia of each 
side, maintaining their distinctness to the very last, become 
lost in the body- wall just in front of the atria. 

This is undoubtedly the impression which a dissection of 
the Annelid produces, but it is not perfectly accurate. The 
point is one of some little importance as touching the a£Binities 
of Nemertodrilus to Eudrilus. 

In the latter genus I showed that the vasa deferentia opened 
into the atrium at about the middle of its length. In Tel eu- 
drilus Bosa has stated that the vasa deferentia also open into 
the atrium. 

In Nemertodrilus a series of longitudinal sections shows 
that the two vasa deferentia cross the atrium close to its ex- 
ternal aperture ; they then traverse the muscular coat exactly 
as in Eudrilus, and each may be recognised still preserving 
its independence as a ciliated tube lying between the epithelial 
lining and the muscular coat. They finally open into the 
interior of the atrium. 

Michaelsen has pointed out two characters in which N e me r - 
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todrilas differs from the Eudrilidse: the first is the position 
of the nephridioporeSj which are situated in front of the ven- 
tral instead of the lateral set» ; the second character is the 
absence of any glandular diverticula to the alimentary tract. 

To these I can add a third character — the absence of those 
integumental bodies which occur in all other Eudrilidse that 
have been sufficiently well examined. 

The structure of Nemertodrilus shows that it is deci- 
dedly an aberrant member of the family Eudrilidae. But the 
alterations in structure from the typical Eudrilidse do not de- 
finitely point in the direction of the Cryptodrilidse^ with which 
family, as I distinguish it, Bosa unites the Eudrilidae. 

The only reasons for referring this genus to the Eudrilidss 
are (1) the absence of spermathecss lying in front of the testes, 
(2) the completely separate vasa deferentia opening into the 
interior of the atrium, (8) the large coBlomic sacs connected 
with the egg-sacs, (4) the muscular oviduct. 

The absence of any specialisation into the atrium, of dilata- 
tion upon the vasa deferentia, of integumental organs, are 
perhaps indications of degeneration. The fact that the ovary 
is not, as is the rule among the Eudrilidse, enclosed in a special 
compartment of the coelom, might be used as an argument for 
the primitive position of Nemertodrilus among the Eudri- 
lides were it not for the reduction of the cavity of the thirteenth 
segment. The reduction of this segment renders the develop- 
ment of any such sacs unnecessary^ though of course it does 
not necessarily follow that they were originally present and 
have been lost. On the other hand, the pores upon Segment 18, 
whether Michaelsen's explanation of them or mine be correct, 
seem to be in all probability rudimentary structures of some 
kind. 

Lokdon; September 9th, 1890. 
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EXPLANATION OF PLATES XVI— XX, 

Illustrating Mr. Frank E. Beddard's memoir '' On the Struc- 
ture of Two New Genera of Earthworms belonging to the 
Eudrilidffi, and some Remarks on Nemertodrilus/' 

PLATE XVI. 
Hyperiodrilas africanas. 

Fio. 1.— Female reprodactlFe apparatus, seen sfter opening body-wail from 
aboTe and removing one of the calciferous glands, ea. Csldferons gland. 
iff. Large ooDlomio pouch, connected with a periossophageal ring. r. o. He- 
oeptaoulum OForum. od. Oviduct, cu, CBsophagus. d. v. Dorsal yessel. 
#. Intersegmental septuuL 

Fio. 2.— Integumental sense (?) organs in longitudinal section. 

Fio. 8. — The same in situ. Transyerse section. This drawing also 
shows the lymph-spaces between the fibres of the circular muscular coat. 

Fig. 4. — Diagram of structure of the same. 

Fio. 6. — ^Diagrammatic lateral view of the different parts of the female 
reproductive apparatus. The segments are numbered, sp, Spermatheca. 
ov. Ovaiy. Other letters as in Fig. 1. The walls of the ocQlomic spaces are 
here and there cut away so as to display the contained viscera. 

Fio. 6.— 'Anterior segments from above, to show form of prostomium. 

Fig. 7.— a portion of integument, highly magnified, to show relationship 
of nephridiopore {mp,) to seta {$,) of dorsal pair. 

Fio. 8. — ^Female reproductive apparatus removed from body, but with its 
relations to other organs indicated. p. Bursa. Other letters as in 
Figs. 1 and 5. 

Fio. 9.^Transverse section to show arrangement of sets. 

Fio. 10. — Transverse section through a portion of perigonadial sac and the 
neighbouring body- wall. n. Nephridium. Other lettering as in Fig. 8. 

Fio. 11. — Diagrammatic view of female reproductive organs. The peri- 
oesophageal sinuses and the unpaired dorsal sac in which they meet are pushed 
back ; the (Bsophagus is cut away, but the nerve-cord is left. On the left 
side the anterior wall of perigonadial sinus and periossophageal sinus is 
removed in order to display enclosed viscera. The segments are numbered. 
Lettering as in Figs. 1, 5, and 8. 

Fig. 12. — A few segments pressed out to show arrangement of setn {$.) 
and position of nephridiopores (».) by lateral sets. 
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PLATE XVII. 
Hyperiodrilns africanns and Heliodrilas lagosensis. 

Fio. 13.— Diagrammatio traiuTerae section of Hyperiodrilus in neigh- 
bourhood of the female reprodactive organs, to be oompared with 

Fi&. 14, representing a corresponding section through Heliodrilas. 

Fig. 16. — Heliodrilas. The sac, containing testis and its attachment 
to the body-wall, swf . Mesentery. Im. Longitudinal muscle-fibres. 

Fio. 16. — Hellodrilus. Dissection of coolomic space, containing testis 
and first part of vas deferens. The wall of the sperm-sac is partly remoyed 
to show funnel. 

Fio. 17. — ^Transyerse section through alimentary canal (m/.) and the 
dilated part of the yas deferens (0. d.) of Heliodrilus. 

Fie. 18. — Dissection to show male reproductiye system of Heliodrilas. 
vei. tern. Sperm-sacs, air. Atrium uncoiled ; on the opposite side it is left 
coiled up. 

PLATE XVm. 
Hyperiodrilus africanus and Heliodrilus lagosensis. 

Fig. 19. — ^Hyperiodrilus. Magnified yiew of the yentral surface of a 
portion of Segment 17 to show the papilln {pap,) connected by grooyes with 
the penis. The left papilla is on the boundary line between Segments 16 
and 17 ; the right hand one in the latter segment, s. Setae. 

Fig. so. — 17th and neighbouring segments of another indiyidual. 

Fig. 21. — Heliodrilus. Ventral aspect of anterior segments to show 
position of male pore ( ^), spermathecal pore ( $ ), and papiliao (pap,). 

Fig. S2. — Hyperiodrilus. A third indiyidual, 17th and neighbouring 
segments. In this specimen the papilla are symmetrical and upon the 17th 
segment. 

Fig. S3. — Hyperiodrilus. Lateral yiew of genital segments, showing 
oyiducal pores ( $ ), nephridiopores («.), and male pore ( ^). 

Fig. S4. — Hyperiodrilus. Ventral yiew of 17th and neighbouring seg- 
ments of same indiyidual as that represented in Fig. 19. p. Penis, slightly 
protruding from male pore. $ Spermathecal pore. pap. PapilliB. 

Figs. 25 and 26.— Hyperiodrilus. Sections through yentral oesophageal 
pouch at two points ; for explanation see text. 

Fig. 27.— Hyperiodrilus. Vasa deferentia, with their peritoneal coat. 

Fig. 28.— Hyperiodrilus. Dilated portion of yas deferens. 

Fig. 29.— Heliodrilus. A portion of a section through the rcceptaculum 
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OYonim. ov. Mature OTurn with membTsne. ^ww. Genniiud oeUs attached 
to OYum. 

Fi&. SO.^HyperiodriluB. TransFene sectioa through unpaired OBSopha- 
geal poach, to show blood-spaces (Jblaek) and lumina between folds of 
epithelium. 

Fio. 31, — Hyperiodrilus. Origin of unpaired (Bsophageal pouoh (ea.)* 
d. Glandular (?) cells found among the ordinary epithelial cells, p. Peri- 
toneum. 

PLATE XIX. 

Heliodrilus lagosensis. 

Pigs. 33— 34.— A series of sections to show the investment of the apex of 
the spermatheca by coelomic spaces. 

Fig. 33, The apex of the spermatheca (j^mth.) lies between two out* 

growths of the ccslomic sac {eah). 
Pig. 33. The apex of spermatheca («j9.) is now enclosed within the 
coelomic sac, and the commencement of a second coelomic space 
within the first is just visible. 
Pig, 34. This section lies beyond the apex of spermatheca, which just 
reaches the interior of the sac {ea1!,\ lying within that (ecslom) which 
is continuous with the perigonadial sac. 
Pio. 35. — ^Diagrammatic representation of the extremity of the sperma- 
theca {if.) enclosed within a sac, which is itself enclosed within an extension 
of the perigonadial sac ; the narrow canal leading from the latter to the ovary 
is seen. Portions of the walls of the different sacs are removed to show 
their contents. 

Pio. 36.— Section through dilated portion of vas deferens with surrounding 
coelomic sac. vd, e. Ciliated epithelium of vas deferens, p. Peritoneum 
covering coelomic sacs ; in its interior are seen clumps of cells. 

Pio. 37.— Section showing structure of spermatheca. ep. Epithelium, 
^f . Granular matter thrown off from cells into the interior of the spermatheca. 
m. Muscular coat with blood-vessels, shown black. 

Pio. 88. — Section showing structure of distal part of atrium, mute. Mus- 
cular coat. n. Nuclei of innermost epithelial layer. 

Pig. 39. — Section showing structure of atrium, near to its external orifice. 
Large glandular cells (^/.) are seen, separated by interstitial cells, mmc. 
Muscular coat. 

Pig. 40. — Section through common orifice of atrium and nephridium. 

Pig. 41.— Diagram of female reproductive system, tperm. Spermatheca. 
ip. 0, Its external orifice, w* Ovarian sac, represented as being cut open on 
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the left side to show the oontained ovaiy. tp. tae. Ccelomic sao invoMng a 
second sac, in which lies apex of spermatheca ; the walls are represented 
as partly cut away. This part is shown more highly magnified in Fig. 35. 
r. 0. Receptaoulum ovonim, represented as being out open on left side to show 
funnel of oviduct (od,). The nerve-cord is removed for the greater part to 
show the underlying narrow duct of the spermatheca. 

Fig. 43. — Section through atrium at the point where the two vasa deferentia 
open. 

Fie. 43. — Section through a portion of one of the ventral oesophageal 
pouches, bl. Blood-vessels^ coloured black. M. Peritoneal covering, n, 
Intra-cellnlar part of lumen. 



PLATE XX. 

Hyperiodrilas africanus, Heliodrilus lagosensis, Nemertodrilus 
griseus, Teleudrilus ragazzii, and Eudrilus. 

Fig. 44.— >Hyperiodrilu&. Diagram of male reproductive organs. $. e. 
Sperm-sac. v. d. Yas deferens. Atria and testes also shown. 

Fig. 46. — Hyperiodrilus. Longitudinal section through duct, leading 
from egg-sac. e. Outer. ^. Lmer peritoneum. 

Fig. 46. — ^Hyperiodrilus. Supra-intestinal vessel, enclosed within a 
peritoneal space, which is divided by trabecules. Li the interstices lie clumps 
of cells. The perihsemal sac is connected to the dorsal vessel (d. vets,) by a 
mesentery. 

Fig. 47. — Hyperiodrilus. Dissection of the anterior end of the worm* 
tf/. Anterior, jp. Posterior of thickened intersegmental septa. €U, $ae, 
(Esophageal pouches, ea. Galdferous glands, tp, Goslomic sac, connected 
with perioesophageal ring, seen anteriorly. 9. d, Vas deferens, at. Atria. 
g. First of posteriorly-situated gizsarda. The segments are numbered from 
the 6th to the 17th. 

Fig. 48.— Heliodrilus. A few of anterior segments to show overlapping 
and interconnection of thickened intersegmental septa. 

Fig. 49.— Hyperiodrilus. Eipe {b) and nearly ripe {a) ovum. g. r. 
Zona radiata. v. Vitelline membrane. 

Fig. 60. Hyperiodrilus. Germinal cells from ovary. 

Fig. 61.— Hyperiodrilus. Section through ovarian sacs, to show their 
interconnection, v. 6. Ventral blood-vessel 

Fig. 63.— Heliodrilus. Gizzards and commencement of intestine. 

Fig. 63.— Eudrilus. Diagram of female reproductive system, ov. Ovaiy, 
surrounded by a sao continuous with a duct (pd.), <n/. Second ovaiy, sur- 
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rounded by a aao (reoeptacnlam oyoram) oontiaaoos with onduct (od^.)« V* 
Spermatheoa. $ . Female pore. 

Fio. 64.— Nemertodrilus. A aimilar diagram. Lettering aa above. 
od, is simply a pore. 

Fig. 66. — ^Teleudrilus. A similar diagram. Letters as above. 

Fig. 66.— Hy period rilns. Terminal portion of atria, and their connec- 
tion with penis, v. d, Yas deferens, pr. Glandular part of atrium, m. 
Muscular part of ditto, p. Penis. 
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[From the Journal oj Physiology, Vol. XIIL No8, 3 ^- 4, 1892.] 



ON RETRACTILE CILIA IN THE INTESTINE OF LUM- 
BRICUS TERRESTRIS. By M. GREENWOOD, Lecturer 
of Newnham and Oirton Colleges. (PL IX.). 

{Front the Physiological Laboratory in the University of Cambridge,) 

In a recent exhaustive paper on the histology and physiology of the 
intestinal mucous membrane, Heidenhain^ deals in some detail with 
the structure of that " striated border" which has long been recognized 
as characteristic of such epithelium cells as are specially concerned with 
absorption. Basing his conclusions on very minute and varied investi- 
gation of the intestine of mammals and amphibia, Heidenhain states 
that this striated border, in what may be regarded as its most developed 
condition, is made up of rods set vertically to the plane of extension of 
the mucous membrane and separated by homogeneous substance. The 
rods and homogeneous substance are alike intimately connected with 
the body of the cells over which they lie, and a certain degree of 
mobility characterizes both. Thus the homogeneous substance may be 
withdrawn into the cell and leave the border made up only of rods, or, 
conversely, withdrawal of the rods may leave hyaline matter in which 
striation can by no means be detected. I gather from Heidenhain's 
account that each movement is slow ; the rods of the border may be at 
one time high, at another time low, while yet again they may not be 
seen ; but observation of the actual transition is not recorded. 

The definiteness and coherence which mark this description, and 
bring it into striking contrast with such accounts of the "border" of 
epithelium cells as are found in earlier writers, make one turn hopefully 
to that part of Heidenhain's paper in which he considers the mode 
of absorption of fat ; but here is no experimental evidence of any con- 
nection between the structural complexity of the epithelial border and 

^ B. Heidenhaiu, PflUger's Archiv, Bd. ZLni. Suppl. Heft. 
PH. XIII. 16 
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the entrance of solid matter into the columnar cella Heidenbain 
acknowledges the existence of many observations on the ingestion of 
solid matter by amoeboid processes among invertebrates, but adds that, 
as far as vertebrates are concerned, the taking up of food particles by 
means of movable protoplasmic processes of epithelium cells is not an 
established fact of science. 

Thus the function of the " Stfibchenorgan" or intestinal rods 
described by Heidenhain is still unexplained, and we are inclined to 
ask, Is the fibrillar structure a remnant of ancestral character, useless 
now, and only lingering in its disappearance, or is it the expression of 
the existence of an organ which future investigation will correlate with 
the performance of some definite task ? I think that the answer to 
this question is still distant while we have such fragmentary knowledge 
of the processes of absorption as they go on in the intestine of various 
animals, and of the machinery used in their performance. For such 
experimental evidence as does exist hardly justifies more than the 
general statement that intracellular digestion appears to be gradually 
replaced by extra cellular digestion, that there is increasingly clear 
separation of cells that absorb from cells that secrete, and that the 
immobility of the absorptive cells is accentuated, until finally, among 
mammals, there is no ingestion of solid matter other than particles of 
fat Such an account is clearly not incompatible with very scattered 
knowledge of detail, and it is in the hope of filling up a gap— in other 
words of describing a modification of structure hitherto unrecorded — ^that 
I have written the following notes. They treat of the minute structure 
of the alimentary canal of the earthworm, which seems to me of 
histological interest as foreshadowing, though distinctly invertebrate in 
type, some of the points with which we are familiar in vertebrates, even 
in mammals. 

I have used the common earthworm, and may here recall the fact 
that in this animal, posterior to the oesophagus, no distinct glandular 
diverticula are separated oflf from the alimentary canal, and that even 
if the oesophagus be included we can hardly regard the secretion of the 
chalk glands as more than indirectly concerned in the solution of food. 
Clearly the formation of the main part of any secretion used in digestion 
and the absorption of digested matter depend on the epithelial lining of 
the intestine. And it is the structure of this lining which I wish to 
describe in some detail. 

I suppose that in all existing records, which are comparatively 
modem, we are met by the statement that the gut of Lumbricus is 
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ciliated. Vejdovsky* and Benham* notice further that some non- 
ciliated granular cells are interposed among those that bear cilia and 
associate them with secretory activity. Although almost everything 
that I wish to say bears dii'ectly on the minute structure of the cells 
thus indicated (for it seems to me that no existing description is quite 
adequate), yet it may be well to take as a starting-point an enumeration 
of the other familiar elements which are bound up together to make the 
gut of Lumbricus. 

The intestine is slightly sacculated soon after its origin from the 
gizzard, but it is a straight tube at its posterior opening. It is invested 
externally — that is, on the side turned towards the body cavity — by 
those clustering yellow cells which are regarded, except perhaps by 
Kukenthal^ as modified cells of the CGelomic epithelium. These 
begin in a rather scattered manner in the segments which immediately 
succeed the gizzard and end posteriorly in a like internipted fashion. 
Their internal attached ends, which are delicate, branched, and generally 
free from the characteristic yellow spheres, destroy the continuity of the 
next layer of the intestinal wall, a layer of longitudinal muscle whose 
fibres thus run in bundles. The circular muscle fibres which succeed 
are again arranged in bundles, and the connective tissue which separates 
them and which surrounds the abundant neighbouring blood vessels is 
continuous with that which forms a support for the innermost layer — 
the intestinal epithelium. In the cavity of the gut, as I have said 
above, definite glandular recesses are absent, but through the greater 
part of its length a well marked involution of the dorsal wall into the 
intestinal cavity forms the typhlosohle (PI. IX., Fig. 1, typ.\ In this 
ridge all the layers I have just named are represented ; thus it is a 
highly vascular structure, and yellow cells like those which form the 
external coat of the gut almost fill its concavity. It begins gradually 
and gradually fades away as a slight median fold, but in a certain 
region attains such complexity that it is almost fan-shaped in transverse 
section. It is no mere extension of the wall of the alimentary canal, 
giving, as has been said before, a greater absorbent surface, but it 
shows, especially when the epithelium is studied, accentuation of some 
of the characters of the rest of the surface while others are corre- 
spondingly obscured. In fact the intestine exhibits a double histological 

* Fr. Vejdovsky, SysU u. Morph, der Oligoeh. 
' Benham, Quart, J, Micr. Sei. xxvi. 276. 

* W. Eukenthal, JenaUch, ZeiUchrift^ Bd. xvm. 
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differentiation; there is in the first place a change from before 
backwards depending on the occurrence of unlike cells, a change which 
involves especially the walls of the alimentary canal ; and in the second 
place, in a transverse section taken at any point where the typhlosohle 
is conspicuous, there is radial asymmetry, that is to say, like cells have 
unlike arrangement. 

Two questions naturally present themselves. What are the various 
characters of these unlike cells? How are they grouped to give by 
their arrangement a second sort of unlikeness? And it is these 
questions I shall now try to answer. 

A. Histological featvres of the epithelivm cells which line the 
intestine of Lumbricus. 

1. It is perhaps anticipating a statement which belongs properly 
to the second point with which we have to deal, to say that the first 
form of cell I would notice occurs at both extremities of the intestine. 
The skin of Lumbricus is covered by a cuticle formed probably by the 
activity of all those cells of the columnar external epithelium which are 
not modified into sensory cells or into unicellular mucous glands. The 
cuticle may under certain conditions be stripped off in sheets, continuous 
save for the perforations which act as external openings to the glands, 
and in this case each columnar cell lefl behind has still a peripheral 
zone of hyaline substance. Thus it would seem that changes recalling 
the production of cuticle in plants occur here, that external layers of 
the cell's protoplasm are altered chemically and by further modification 
and lateral fusion yield the almost homogeneous cuticular sheets. 

Again the gizzard is lined by a cuticle formed in like fashion, and 
most energetically by the substance of the subjacent cells, and those 
parts of the intestine which are quite posterior^ and those which follow 
immediately upon the gizzard are easily recognizable. The lining 
membrane here is columnar epithelium unremarkable save that its free 
border is modified into resistant cuticle. Apart from these transitional 
elements, however, I think it possible to regard the cells of the intestine 
as modifications of two types ; the characters displayed by one type are 
remarkable. 

2. The secretory celli noticed and figured by Vejdovsky' and 

^ Scattered goblet Bense-organs are present here as on the exterior of the head and tail 
of the worm. 

• Fr. Vejdovsky, loc, cit. 
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Benham^ recall the unicellular glands which have already been 
described in Hydra* ; they taper slightly towards the internal surface of 
the gut and more strikingly towards their points of attachment 
(Figs. 2, 3). These cells display conspicuously, at least at times, a 
nucleus, cell substance and secretory granules; the granules are so 
numerous in the typically feusting state that it is difficult to realize then 
the existence of other cell cunstituents. The protoplasm, when under 
these conditions it is made evident, is seen to stretch as a supporting 
framework or spongework throughout the cell; at such times as the 
granules are less numerous, a basal part of the cell substance, holding 
the nucleus, is free from them (Fig. 2). When accumulated thus or 
when it stretches as a temporary network through the cell, the 
protoplasm shows, I believe, no further obvious structural diflferenti- 
ation. The secretory granules are preserved by osmic vapour, and 
admirably by corrosive sublimate ; they are however more easily broken 
down by reagents than are the remarkably resistant mucous granules of 
the unicellular glands of the skin. 

If function may be at all securely inferred from histological appear- 
ance, and if we except the chalk glands, these are the only typically 
secretory cells which are found in the gut of the earthworm. Now 
Krukenberg' ascribes to extracts of the intestine peptic, tryptic and 
amylolytic power: Fredericq* confirms the statement that such 
extracts are able to digest proteids in an alkaline solution; Darwin* 
notices that an alkaline fluid acting on the starch grains of leaves 
which it moistens is poured from the mouth, and I shall have to point 
out later that &t may be absorbed from the alimentary canal in 
considerable amount. 

Again we know that worms when in sufficiently dry surroundings 
coil themselves up into a knot at the bottom of the containing vessel 
and do not act on the surrounding mould, and that in like manner 
a worm laid on very dry earth will not burrow. But though these facts 
may lead to the supposition that the fluid which moistens the swallowed 
earth under ordinary circumstances is derived directly from surrounding 
water rather than from the activity of the gland cells, yet the fact that 
the normal castings set when dry, indicates that there is within the gut 
at least admixture with some secretion. 

^ Ben ham, loc. cit, 

' G. Jiokeli, Morphol. Jahrb, Bd. yiil; M. Greenwood, This Journal, Vol. ix. 

> Fr. Krnkenberg, KUhne's UrUenuch. Bd. n. 

* L. Fredericq, Arcfi, d. Zool, exp, T. vii. 

C. Darwin, Vegetable Mould and Earthworms, p. 42. 
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Thus it seems probable that the processes involved in the nutrition 
of an earthworm are somewhat complex, and it is not unnatural to 
expect an answering complexity of structure in the only obvious 
digestive cells which it possesses. But if the secretory granules which 
are so striking at times do possess differentiated action, the fact is not 
clearly revealed by simple study of structure. They do not indeed 
react in quite the same manner at all times, but the variation is 
uniform and may be explained I think by the hypothesis that, 
becoming mature, they grow less stable. Such a change in behaviour 
is characteristic of the mucous glands of the skin, where in specimens 
hardened alike, discrete granules, pale swollen spheres, or homogeneous 
clumps of secretory products may be present in different cases, or 
where the cells may be typical goblet cells. The possibilities of 
variation are not indeed so wide in the intestine, but this is due to 
the fact that in the epidermis we appear to have a very extreme case 
of mucous change \ while in the intestine the cell is less entirely 
subordinate to its contained secretory products. 

It may not be irrelevant to say here* that in addition to this 
difference of degree between the epidermal and intestinal glands a 
qualitative difference finds expression in the fact that the intestinal 
secretion is apparently not mucous. Its formation when the natural 
stimulus of contained matter is absent cannot readily be brought about. 
I do not therefore speak from chemical observations on a secreted 
fluid. But in long hunger no noticeable amount of mucus can be 
found in the intestine; when food is present its particles separate 
readily in water or dilute acid, and the secretory granules of the gut in 
the fresh state do not, I think, yield those viscid bubbles and strings 
which we have come to associate with the substance of living mucous 
cells. 

Except in degree the gland cells deviate but little from a structure 
which may be called typical, but the second class of cells (to which 
I think the intestine of Lumbricus owes all that it has of special 
interest), includes elements which, if I am justified in grouping them 
together, are at least far from typical in structure. Certain histological 
features characterize them all; thus each has, about its middle, a 
conspicuous oval nucleus with a nucleolus, and each has branched basal 
prolongations which join the sub-epidermal connective tissue ; it is in 
the shape and proportions of the whole cell and especially in the 
structure of its external edge that variation occurs. Emphasizing 
1 J. N. Lang ley, This Journal VoL z. 
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this free border chiefly, as a distinctioD, I shall consider successively 
forms which have and which are destitute of obvious cilia. 

3 a. Cells with obYious cilia. (1) Certain cells, save that they 
are unusually elongated and branch internally, are not far removed in 
structure from such ciliated cells as characterize the buccal mucous 
membrane of Triton, that is their cilia, uniform in length, spring from 
an apparently hyaline band. 

(2) But in many cases the height of the cell is disproportionately 
increased (Fig. 4 d), the filiform processes into which its substance 
breaks internally are very striking and the basal band takes the form 
of a triangular plug of hyaliDO substance, the base of the triangle being 
the apparent point of origin of the cilia while the apex passes off 
gradually into the protoplasm of the cell (Fig. 4 c). 

(3) And yet again cilia may be traced through the external zone 
and are only lost when they pass into the protopleusm beyond. With 
this arrangement the basal band seems sometimes to be made up 
of rods stouter than the cilia, which look very like their intracellular 
prolongations ; at other times however it is hyaline save for the strise 
which are the necessary expression of the existence of the perforating 
cilia. The cilia occasionally bear tiny varicosities before they pass 
into the body of the cell (Fig. 4 d). Under a sufficiently high power 
these are distinguishable as belonging each to a ciliary thread \ and 
they recall Heidenhain's description of similar thickenings which 
may be seen under suitable conditions at the base of the intestinal rods 
of the dog. 

It will be remembered that Engelmann' describes and figures 
intracellular fibrillsB in many ciliated cells. According to him one 
fibril corresponds to each cilium, though in chemical characters they 
are often unlike and there is no structural continuity. The cells of 
vertebrates show but faint and obscure fibrillation: in many inver- 
tebrates however distinct filaments may be traced to the neighbourhood 
of the nucleus, where they fuse to a single thread. The existence of 
similar fibres is indicated by March i' in his figures of the ciliated 
intestinal epithelium of Anodon. 

It may be urged, by those who accept the records of these observers, 
that the minute variations I have described are not incompatible with 

1 These varioosities stand singly as a rule, bat I think it is possible that each dlinm at 
times bears two, one at the outer limit and one at the inner limit of the basal band. 
« Th. W. Engelmann, Pflugefs Archiv, Bd. xxiii. 1880. 
> P. Marohi, Arch./, mik, Anat. Bd. xx. 1866. 
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the received conception of a ciliated cell, or are even artificial and due 
to want of uniformity in preparation. I must say then that after 
constant treatment the appearances vary, and that in two other points 
there is yet a more manifest deviation from type. In the first place, a 
vacuole is sometimes present in the external part of the protoplasm 
(i.e. under the basal band) (Fig. 4 d), while the same region may be 
collapsed or folded after maceration so that the cell has a constricted 
neck. The vacuole is often wanting, however, and the cell substance 
under the action of hardening reagents, as distinguished from those 
that macerate, is commonly dense and homogeneous (Figs. 5, 7, t.c.). 
Secondly, distinct fat globules may be present in the earthworm in cells 
which bear cilia. The coincidence is rare, and the fat particles, which, 
comparatively few in number, may be of relatively large size, are 
gathered internally to the nucleus or may distend the branched 
processes of the cell. It is this inclusion of fat which seems to me 
to show unexpected activity. The substance of a typical, ciliated cell is, 
as Engelmann says, "free from coarse particles,'' indeed the only case 
where this statement does not hold is one which he describes. Certain 
cells in the intestine of Cyclas have few cilia, and mobile protoplasm, 
frothy in its external part. The cells are alluded to briefly; it is 
evident however that Engelmann ascribes the frothy aspect to 
contained mucous spheres and looks on these forms as intermediate 
between goblet cells and typical columnar epithelium. 

3 6. Cells without obyious cilia. The forms which I place in 
this group have no motile protoplasmic processes projecting freely into 
the intestine. In the fresh state the external edges of adjacent cells 
touch and give the effect of a continuous band, rarely a double band, of 
hyaline substance (Fig. 8) from which little buUse may be separated 
off by pressure. In hardened specimens the homogeneity is sometimes 
preserved (Fig. 7), but as a rule it is possible to apply treatment which 
brings out certain structural complications. Thus when macerated 
cells are mounted in fluids of low refractive power it is usual to see 
that the greater part of the free border is made up of rods set side by 
side, only a narrow internal ssone being still hyaline (Fig. 6 d). The 
rods remind one irresistibly of Heidenhain's^ description of the 
"Stabchenorgan" in the vertebrate intestine: they are not always 
equally obvious, nor is their share in the formation of the whole border 
of the cell constant. Thus at times the internal hyaline band takes up 
1 B. Heidenhain, op. cit. Taf. 1, figs. ▼. vi. vii. ym. 
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half the depth of the whole border ; at other times the distiDction into 
two layers is not clear (Fig. 6 6) and the rods are so little separated that 
the cell seems to have a coarsely striated edge. The inner homo- 
geneous band stains deeply with picro-carmine : the rods stain almost 
as faintly as do actual cilia 

The external border then of these cells though varying in character 
within narrow limits is quite distinctive ; as far as points of structure 
are concerned, the cell body and its internal processes are unremark- 
able. But in the great majority of specimens fat is present in large 
amount and this at once marks out the cells which hold it. The fat 
drops vary much in size, slightly in shape ; the smallest globules lie 
immediately beneath the free edge of the cell; larger drops are 
crowded more internally so that protoplasm and nucleus may be 
obscured, and, apparently passing down, they certainly distend the 
filiform internal processes (Fig 6 a, 6, c). When speaking of the cells 
with obvious cilia I mentioned that fat globules were very rarely 
present and then lay internally to the nucleus, and I would point out 
now that in the same exceptional way the striated nou-motile border 
may be present in cells which hold no fat. I hope to show later that 
these apparent contradictions are not really out of harmony with 
hypotheses which interpret the usual appearances more or less ade- 
quately. 

The modifications of structure hitherto described have been noticed 
in hardened and ms^erated specimens, and in part at least in the fresh 
state, but occasionally in hardened specimens there are appearances 
which perhaps deserve brief mention. The free border of the epidermis 
is not striated nor does it bear obvious cilia, but it gives off little 
bladders of substance, or small solid spheres, hyaline or granular, or the 
whole border is raised up by what seems to be accumulation of fluid 
at its inner edge. These formations ai-e, as I have said, seen in 
hardened specimens, where among other factors account must be taken 
of the action of reagents on the muscular fibres of the intestinal wall ; 
I think there is hardly room for doubt that they are abnormal and not 
pre-existent, that they are phenomena of swelling or contraction. I 
mention them partly because in some fresh specimens (v. supra, and 
^^g' ^) pi^ssure or withdrawal of water may cause somewhat similar 
extrusion of substance ; and because the structural characters of any 
tissue must be, at least in part, the measure of the possible action of 
reagents upon it 
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I may say at once that it seems probable that the different forms of 
epithelium cells which have been described do not co-exist in all worms 
at all times ; rather there is some evidence that the same cell may 
change its characters in definite connection with the performance of 
function ; before bringing forward this evidence I should like to give 
some description of the distribution of different cell forms in the gut. 

B. Arrangement of cells in the intestinal epithelium. 

This intestinal epithelium is, I believe, only one layer in depth. 
Claparede^ it is true, speaks of many layers, but his figure is too 
diagrammatic to allow one to believe that he had seen everything in a 
section that later methods show. Vejdovsky* too, in a figure of 
Lumbricus, represents small cells as lying at the base of the columnar 
cells which make up the adult epithelium and evidently regards them 
as *' ersatzzellen." I have not however been able to establish their 
occurrence at all constantly in Lumbricus. Nuclei indeed are seen 
besides those which, belonging to the ciliated cells, are placed 
half-way down the mucous membrane and beside the basal line of 
nuclei which may be recognized in the gland cells (Fig. 1), but they 
seem irregular in number and occurrence, and I am inclined rather to 
regard them as belonging to the subepithelial connective tissue or 
to rare in-wandering leucocytes. 

The plan of arrangement then is simple, but it may be obscured by 
foldings due to contractions of the intestinal muscles or (as probably in 
the preparation from which Claparfede's figure was taken) by slight 
obliquity in section. In this single layer of epithelium variations of 
combination are to be seen, of such nature that we may distinguish an 
arrangement characteristic respectively of the typhlosohle and walls of 
the alimentary canal; a variation in both as we pass posteriorly, and 
finally in any transverse section, at least in which the typhlosohle is 
included, secondary variations. 

1. The tsrphlosohle and wall of the alimentary canal con- 
trasted. 

The differences are differences of degree rather than of kind but are 
sufficiently well marked to make it easy in most cases to localize any 
cells examined. Briefly, they are of this nature, that the cells with 
striated border crowded with fat globules characterize the typhlosohle, 

I Glapardde, ZeiU filr wiss. ZooL Bd. zxxix. 
* Fr. Vejdovsky, op, cit. 
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that gland cells abound on it, and that ciliated cells though present 
sometimes are sometimes entirely absent. The cells of the wall of the 
alimentary canal on the other hand show typically obvious cilia, the 
occurrence of fatty particles is less common, and gland cells though they ■ 
may be present in great numbers are often scattered 

2. Variations throughout the length of the gut In an earlier 
part of this paper I pointed out that I should exclude from further 
consideration those cells which are quite posterior and which immedi- 
ately succeed the gizzard, on the ground that they are transitional 
forms between cuticularized columnar epithelium and the cells of the 
intestine proper. Disregarding these then we may say that there is a 
comparatively long stretch of inteitinal wall in the posterior half of 
the animal's body where the majority of the cells are in active ciliary 
movement in the fresh state and where in the hardened specimen the 
cilia spring from the blocked end of a cell or from a typical basal band 
(Fig. 4 a, 6, c). These are present alone as far sometimes as the level 
of the ending of the typhlosohle, at other times at this point scattered 
gland cells are striking. I may perhaps repeat that here and always 
when glands are present the extreme outer edges of the ciliated cells 
are apparently in contact laterally in the fresh state, and when 
hardened show at best only inconspicuous openings between them. 
Thus the secretion of the cells which lie behind has to reach the cavity 
of the intestine by narrow channels recalling those by which the mucous 
glands of the skin open outwards^ (^ig- ^)- 

The gland cells increase in number anteriorly, and are most abundant 
over a variable area which lies posteriorly to the clitellum ; then they 
decrease, disappearing near the gizzard. Where fat-holding cells, or 
cells without obvious cilia ai-e present, they too are found in a zone 
whose limits are somewhat variable though I have not found it 
extending posteriorly to the median point of the animal's body. Diffe- 
rent species of Lumbricus vary so much in length that I think it is 
better not to go beyond these somewhat vague statements. I often 
took segments 45-50 from the head as the starting-point for examina- 
tion of the intestinal cells. But it is clear that, since an earthworm 
is made up of 100-200 segments* this point, though constant relatively 
to the head, is a very variable distance from the tail. 

The typhlosohle varies less throughout its length than does the 
wall of the alimentary canal. Gland cells may be present from beginning 

^ J. N. Langley, loe. cU. 
* C. Darwin, op. cit. 
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to end though they are nowhere bo abundant or ro striking as in the 
middle region. The cells among which the glands lie are at times 
ciliated throughout the length of the typhlosohle and at times their 
border is smooth in the fresh state, striated after maceration. The 
ciliation is never so vigorous over the surface of the typhlosohle as 
from the walls of the alimentary canal, while on the other hand fatty 
particles are more conspicuous than in any other region. Fat-holding 
cells when present occur at the anterior end of the typhlosohle but do 
not stretch to its posterior end ; thus here there are indications of that 
contrast in the distribution of secretory and non-secretory cells which is 
very characteristic of the wall of the alimentary canal. 

3. Secondary variations which are obvious in transrerse section. 

It will be gathered from what has been said that in transverse 
section of the gut taken posteriorly to the ending of the typhlosohle 
the cells may form an even lining or may be thrown into pseudo-villi 
by contraction of the intestinal muscles. On the apices of these 
transitory folds ciliation is much less marked than it is in the 
depressions between. But this variation in distinctness is, I believe, 
accidental and not indicative of functional specialization ; the cilia are 
generally developed in both regions and simply obscured in- the more 
exposed conditions, possibly by pressure. But when the typhlosohle is 
well formed and gland cells appear there is a tendency to definite 
arrangement. Thus when the walls of the alimentary canal are raised 
into temporary villi here, it is usual to find ciliated cells at the apex of 
the folds. The gland cells in Lumbricus as in Hydra (in whose 
endoderm they lie among large absorptive cells), seem possessed 
of slighter mobility; they are destitute of the well-developed 
filamentous processes by which the neighbouring cells gain markedly 
in extensibility. 

In the case of those permanent folds in which the typhlosohle is 
arranged, there is even more definite grouping. Ciliated cells are 
clustered at the apex of the median ridge and often crown the 
secondary ridges too; at lower points the gland cells alternate with 
them but never replace them altogether, even in the epithelial 
recesses. The ciliated cells which are thus depressed however seem 
less active in certain directions than those carried forward by their 
position far into the cavity of the intestine ; at least it often happens 
that one may find the apical cells crowded with fatty particles while 
the lower cells show none, or again that there may even be cilia in the 
grooves of the typhlosohle while a smooth border covers its ridges. 
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One is reminded of the localization of fat absorption (at any rate unless 
it is extremely active) in the apices of mammalian villi and at the top 
of the frog's intestinal folds. 

Such are the characters and connections of the epithelium cells 
of the earthworm's intestine. I have suggested already that all the 
forms described should not be looked upon as fixed structures, but 
rather that histological variations accompany functional change. Such 
a suggestion seems to me to follow naturally from the facts of minute 
structure given above, but I think that other direct and indirect 
evidence may be brought forward to support it. 

a. When many earthworms are gathered at any one time from one 
place it is only a fairly high percentage, which, as far as histological 
characters form a sure index to function, are in the same state of 
nutrition. Thus, in keeping a number of individuals in confinement 
in order to study variation, it is hardly pos.sible to be sure that they 
have a common structural starting-point. 

Again, the ordinary mode of nutrition of Lumbricus makes it 
difficult to give artificial food in a concentrated form. It is true that 
Claparide* states that triturated leaves and earth occur in different 
parts of the intestine, and that the earth is swallowed in order to make 
burrows rather than for the purpose of yielding food ; it is true too that 
Hensen* is inclined to regard ordinary humus as destitute of any 
adequate amount of nourishment. But Darwin' is clearly of the 
opinion that food as well as space must be gained by the sifting of 
80 much vegetable mould, and he even brings forward evidence to show 
that worms may subsist "for at least considerable periods of time 
solely on the organic matter contained in earth.'' I suppose that at 
present few observers would dispute Darwin's view; probably indeed 
one is justified in extending his statement and in saying that Lumbricus 
is so accustomed to the ingestion of nourishment together with much 
innutritions matter from which slow selection has to be made that 
relatively pure food-stuflFs are unacceptable. I have not, in fact, 
succeeded in making an earthworm eat raw meat apart from a large 
concomitant consumption of earth, and ingestion of unmixed fat in any 
quantity has been as difficult to bring about. This selective mode of 
nutrition, in which (from an experimenters point of view) a certain 

^ E. Clapardde, op. eit. 

^ Hen sen, Zeit.f. wUt. Zool. Bd. xzyiii. 

3 C. Darwin, op. cit, p. 108. 



Digitized by 



Google 



252 M. GREENWOOD. 

caprice comes into play, makes it difficult to say how soon after 
deprivation of food the appearances of starvation may be expected, 
while conversely, it is needful to recognize that a worm may be taken 
from earth recently and yet not be well nourished. Nevertheless I 
think that definite changes in structure may be associated 
with feeding and starvation. 

2. The fat globules which may crowd the typhlosohlar epithelium 
in some regions, and may be present, though less markedly, in the walls 
of the alimentary canal, are invariably most abundant in animals taken 
fipom rich earth or from leaf mould (Fig. 6 a, 6, c). During periods of 
hunger they disappear, tarrying internally to the nucleus and ap- 
parently passing down the filiform internal processes of the cell which 
they distend. I have pointed oiit that the individual globules vary in 
size but are often relatively large; it is noticeable too that, usually 
colourless, they may be so distinctly yellow or brown (probably so 
impure) that the epithelium holding them is tinged in the fresh state. 
I am inclined to associate the yellow colour with some decomposition 
product of chlorophyll, and to think that all the facts of the occurrence 
and characters of the intracellular fat point to fat contained 
in the cavity of the intestine as its immediate antecedent. 

3. The gland cells on the other hand are most striking after long 
fasting. Their secretory granules show clearly in the fresh state even 
in well-nourished worms, and seem grouped as in the meshes of a 
network formed by the apparently confluent surrounding cells (cp. 
Fig. 9), but here, and especially after hardening, the contrast between 
the states of feeding and fasting is undoubted. It has seemed to me 
that at times there is a diminution in the number of cells which are 
granular at all, as well as a decrease in the granular contents of each. 
Now Vejdovsky* supposes that there is an actual discharge of glandu- 
lar cells from the typhlosohle of other oligochsetes, and Ray Lankester* 
suggests that a like expulsion of active secretory cells may obtain in 
Limnocodium ; but these hypotheses seem to me to be so little borne 
out by the most firmly established facts of gland physiology that I 
hesitate to interpret the appearances seen in Lumbricus in the same 
way. A gland cell in Hydra when it has lost all its secretory granules 
is an inconspicuous mass of substance; it is clear enough in the 
earthworm that all the gland cells in one transverse plane do not show 
at one time the same degree of activity. I think it possible then that 

1 Fr. Vejdovsky, op. cit. 

2 E. Ray Lankester, Qiuirt. J. Mic, Set. 
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apparent diminution in number may only mean great inequality in the 
rate of secretion, certain cells having turned out so large a proportion 
of their grannies that, especially among temporarily conspicuous 
neighbours, they are obscured. But I am not justified in making 
dogmatic statements on this point, for I have not been successful in 
bringing about formation of the intestinal secretion either by the 
injection of poisons or by electrical stimulation; I would emphasize 
this fact only, that the secretory granules of the gland cells 
accumulate during starvation. 

4. Not less striking than this variation in the contents of the 
epithelium cells is the change in the epithelial border. It might 
almost be said that distinct ciliation varies directly with the number of 
secretory granules, and that a smooth border is connected almost as 
closely with the presence of intracellular fat These statements are 
more strictly true of the typhlosohle than of the walls of the alimentary 
canal, for, as I have pointed out above, there are regions of the latter 
which show no marked variation. Indeed I can conceive that it may 
be suggested, in explanation of the observed appearances, that certain 
cells of the gut of Lumbricus are glandular, that certain cells are 
ciliated permanently, and that others (and these are present especially 
on the typhlosohle), while destitute of cilia, have the power of ingesting 
solid matter. I am inclined however to accept an hypothesis which 
may seem more improbable at first sight, the hypothesis that even the 
cells which ingest are sometimes possessed of motile protoplasmic 
processes ; in other words, I think that we deal here with retractUe 
cUia. It is not difficult to demonstrate the fact that retractile flagella 
spring from the endoderm cells of Hydra, and the temporary existence 
of cilia during the development of some organisms is familiar, but the 
statement that the same cell may put out and withdraw processes 
of itself, definite enough in structure and mode of action to be called 
cilia, needs perhaps some special support'. 

a. It is, I think, indisputable that the typhlosohle is ciliated at 
times (Fig. 5); the edges of certain cells lining the alimentary canal 
may, on the other hand, be smooth ; now since the typhlosohle has a 
hyaline border in all well-nourished worms belief in retractility seems 

1 The flagellate collar-oellB of sponges are figared by yon Lendenfeldt {Zeit. /. wist. 
Zool. Bd. xLvni.) without collar or flagella when their sabBtanoe is loaded with ingested 
carmine. It is a temptation at flrst to quote this as an instance of the association of 
ingestion with the withdrawal of protoplasmic processes, but Ton Lendenfeldt's state- 
ments give some ground for believing that he looked upon the change as one of lesion. 
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inevitable unless we suppose that there is even extraordinary individual 
variation in structure. It is very probable that when Metschnikoff ^ 
speaks of the ciliated intestinal epithelium of Microstomum lineare 
as illustrating a type of cell which has quite lost the power of taking 
up solid nourishment, he formulates a view which is held widely, yet 
here in Lumbricus we have cells now ciliated, now crowded with &t. 
I would urge that these cells are not typical, but rather transitional 
between the absorptive cells of Hydra with their retractile flagella and 
the epithelium with its border of rods which is figured in the frog and 
in the mammal. They are extensile and mobile to a degree which is 
even surprising when we remeniber the firm union of many vertebrate 
tissues, and apparently definite displacement of their substance may 
occur. Thus there is at different times attenuation or expansion of the 
outer part of the body of each cell or a vacuole may be present ; while 
not rarely the lateral outlines are so much obscured that the cells 
seem confluent in transverse section (Fig. 9). But it is in the border 
that there is special power of change; the cell would seem indeed 
to have at its disposal a certain amount of substance which may form 
a hyaline band giving origin to fine cilia, or may on the other hand be 
arranged in rods, stouter, but less readily discernible. And when the 
cell is especially narrow this changing mass of substance deepens from 
without inwards; it is wedge-shaped rather than zone-like. 

6. Further, there are certain exceptional histological appearances 
which harmonize with the view I urge. I have said that rarely, ciliated 
cells do hold fat; it may be supposed, since the fat in this case is 
always internal to the nucleus, that the cell has almost used its store, 
but that before its entire disappearance the cilia are put out again. 
On the other hand I have seen cells at once without cilia and without 
fat; indeed such cells are common on the posterior part of the 
typhlosohle where in well-nourished worms there is a uniform border 
but no ingestion. This may be the expression of nervous connections 
which bring about sympathetic change in different regions of the 
typhlosohle, or it may indicate that other forms of activity less 
recognizable than actual ingestion are associated with the withdrawal 
of cilia. 

c. Again, it may be noticed that in the records of earlier observa- 
tions there are some statements or implications which are significant in 
this connection. Thus while Ray Lankester, writing of Lumbricus, 

1 E. Metschnikoff, ZooU Anzeiger, 1878. 1. Jahrgang. 
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says merely that the gut shows fine ciliation, Yejdovsky, in his general 
description of the typhlosohle in oligochsetes, notices that it is made up 
of narrow cells which expand towards the lumen of the intestine and 
which have a "nonciliated, shapely cuticularized membrane." Valentin', 
writing much earlier, says of the alimentary canal of Lumbricus that 
there is ciliary action, which fails some hours after death. I think that 
these slight differences of description are due to the fact that the 
observers, who indeed were not concerned mainly with the minute 
structure of the digestive cells, either did not always distinguish the 
typhlosohle and the other regions of the gut walls or looked upon a 
phasic condition as permanent. Thus the account given by Yejdovsky 
is true on the whole of the typhlosohle of any well-nourished earthworm, 
if we give to the term cuticle that elasticity of meaning which its 
use in descriptions of structure seems sometimes to demand. And 
Valentin's statement makes me imagine that he examined not the 
free wall of the alimentary canal, where cilia may often be seen in 
vigorous action twenty-four hours after death, but the typhlosohle, 
where the movement when demonstrable in the recent state often fails 
rapidly. 

d. It will be gathered from the indirect nature of the evidence 
which I have brought forward that the most convincing proof of the 
existence of retractile cilia is wanting ; I have not seen a hyaline border 
put out protoplasmic processes, nor have I seen any complete retraction 
of cilia after death. Variations in length may occur in any one 
earthworm (Fig. 4 a, 6), and in the median region of the typhlosohle, 
where I think this special form of mobility in the cells is developed 
characteristically, the cilia, when they show, are finer, more scattered, 
and less vigorous in action than on the gut walls. And when 
quiescent through post-mortem change they have seemed to me to lose 
their integrity and to be represented by granular or shrivelled remains, 
but the border is irregular still, not perfectly uniform. It will be 
remembered that Heidenhain regards the mobility of vertebrate 
intestinal rods as expressing itself only in slow changes of form ; it may 
be that he, in trying to observe it directly, met with a difficulty which 
has certainly faced me — the difficulty of keeping a tissue which, from 
its size and opacity, was necessarily examined in fragments, in a normal 
condition for any length of time. The yellow ccelomic epithelium, which 
can hardly be removed without far-reaching injury, makes the study 
of the fresh intestine difficult in Lumbricus, and there is also disturbing 

1 Valentin, Befertorium, 
PH. XIII. 17 
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action of the muscles of the intestines. I hope that examination of other 
living organisms will one day establish what is, I grant, only an 
inference here, that the ingestion of solid particles by absorptive 
cells may be associated with such rearrangement of cell 
substance that the cilia-like processes sent out in long 
periods of hunger are withdrawn and represented by stouter 
and comparatively rigid rods. 

Up to this point, in writing of the gut of Lumbricus I have dealt 
with epithelium cells and their contents, but there are generally 
collections of substances between the cells which are both striking and 
puzzling. These have the form of complex oval masses of matter, and 
the nature of their constituents is at once variable and obscure. Among 
these constituents are amorphous clumps of proteid matter (Fig, 10 c), 
and irregular particles coloured yellow or orange in the fresh state and 
staining black with osmic acid, while in some cases there is a pigmented 
substance which resists the action of caustic potash, I have never 
demonstrated the presence of nuclei, and indeed if these masses are to 
be looked upon as cellular, the cells of which they are made up are 
much changed . and disorganized. Fluid is present in varying amount 
(cp. Fig. 10 d with Fig. 10 b), and the actual shape of any mass is 
determined by the surrounding epithelium cells, or by the viscosity of 
some of its proper constituents. 

It will be remembered that Heidenhain figures phagocytes in the 
intestine of the guinea-pig which are unusually large and complex; 
there is at least a superficial resemblance between them and some of 
the masses which I describe. But in Lumbricus, the lack of nuclei, the 
occasional fat drops, the common occurrence of pigment, seem to me 
rather to hint at the existence of a process of material excretion 
comparable to the discharge of pigmented refuse from the endoderm of 
Hydra, and to the expulsion of effete tissue which is described in some 
of the Polyzoa^ But in suggesting that we deal here with intercellular 
excreta, I have to acknowledge that their presence is not closely related 
to the functional condition of the gut of Lumbricua The bright orange 
colour which is so striking in the fresh state and which corresponds to a 
black stain in osmic acid preparations may be marked at all times of 
the year, and does not apparently vary with variations in the form or 
contents of the "ciliated cells,'' and, though most striking after long 
hunger, the masses of excreta are not necessarily absent from well- 
1 S. F. Harmer. QuaH, Journ. Mk. Sci,, Dec. 1891, 
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nourished specimens. Further, they may be found in the cesophageal 
epithelium, and in that which lies behind the ending of the typhlosohle; 
thus their limits are wider than those which define the occurrence of 
either ingesting or secretory cella 

In his monograph on the Capitellid», Eisig^ lays some stress on the 
coloration of the endoderm of members of this group. Bright yellow or 
orange drops, colourless or orange particles in vacuoles and irregular 
green or yellow particles with no fluid surroundings lie in the substance 
of the gastric cells ; and on grounds which I need not, perhaps, discuss 
here Eisig regards the last-named bodies as products of excretory 
activity, the others as forerunners of some secretion which is concerned 
with digestion. Judging from the description and the illustrative 
figures, I imagine that some of the particles in the Capitellidas have 
much in common with those which in Lumbricus go to make up what 
I have called masses of excreta ; but in their most developed form the 
yellow bodies seem to be clearly intercellular in Lumbricus, though 
doubtless their constituents have been at some time and in some shape 
within the cells. 

Summary. 

1. The digestion of food in Lumbricus is effected mainly by 
secretion which takes origin in the granules of unicellular glands. The 
glandular cells stand singly ; they may occur throughout the length of 
the typhlosohle and over a corresponding region of the gut walls. They 
abound most in a zone which (although its limits are rather variable) 
I should place between segments 25 and 50. At any point the 
typhlosohle is more conspicuously glandular than are the walls of the 
alimentary canal. 

2. The absorption of digested food is apparently carried out by the 
cells by which the glands are surrounded. These are elongated ; they 
branch internally and have not firm lateral connections. Their external 
edges (that is those turned towards the lumen of the intestine) expand 
and apparently meet over the depressed gland cells. A hyaline basal 
band is present and may be pierced by, or apparently give rise to, cilia ; 
but during the digestion of fat, any epithelium cells by which it is 
absorbed show a striated or rodded external border replacing the active 
cilia. These ingestive cells are localized in a zone-like fashion which 
recalls the distribution of the unicellular glands and are more striking 
on the typhlosohle than on the gut walls. 

1 Eisig. Fainia u. Flora, G. v. Neapel, Monograjfhie xvx. 
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It is less easy to establish any connection between the absorption of 
matters in solution and structural change in the epithelium cells, but it 
may be mentioned that cilia are absent at times from the greater part 
of the typhlosohle, that is, from an area much larger than that over 
which the ingestion of fat extends, 

3. It appears possible that there is a certain excretion of solid 
matter into the cavity of the gut of Lumbricus. The matter in 
question is gathered into masses below or between the epithelium 
cells, and the fact that these accumulations vary in solidity, in reactions 
and in pigmentation may perhaps point to the occurrence of some final 
metabolic process while they are yet between the intestinal cells. 

Traces of the structural characters of the gut of simpler organisms 
and indications of those modifications which are peculiar to higher 
forms would thus seem to mark the intestinal epithelium of Lumbri- 
cus and to give it a certain interest. I think there is added interest 
in the association of obvious motility with the condition of hunger, 
an association which recalls the statement that the fiagella of Hydra's 
endoderm cells are retracted during digestion. 

Cahbkibob, 

August, 1891. 

DESCRIPTION OF PLATE IX. 
In all the figures 

g.c, « gland cell, 
t.c. a ciliated cell. 
a.c. = wall of alimentary canal. 
typ. = typhlosohla 

yx, e yelloM' cells of coelomic epithelium (chlomgoge Zellcn). 
m./! = muscular fibres. 
yntc, = nucleus. 
gran, = secretory granules. 
f.g, = ingested particles of fat. 
ex, = masses of substance, possibly excretory in nature, found 
especially in long hunger. 
Fig. 1. Transverse section through the gut of Lumbricus at a point 
Inhere the typhlosohle is complex. The figure is quite diagrammatic and is 
merely intended to show the general relations of the lining epithelium and 
the presence and distribution of yellow cells. 

Fig. 2. (In this figure and in the following figures, unless special state- 
ments are made, the magnification ^va« that effected hy Zeiss, Oc. 3, Ohj. F.) 
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Gland cell holding secretory granuled and showing basal homogeneous 
substance (hardened). 

Fig. 3. Gland cell, secretory granules dissolved. 

Fig. 4 a, b. Taken from different regions of the walls of the alimentary 
canal of one earthworm. To show variation in the height of the cilia. 

c. To show long cilia passing out from block-like end of cells. (Hardened 
in Flemmiug's fluid.) 

(L To show vacuole in f badly-nourished ciliated cell, and division of cell 
substance into internal processes. 

e. Ciliated cell after long hunger, {d and e macerated in 30 p.c. alcohol.) 

Fig. 5. From typhlosohle, fasting worm. To show marked ciliation and 
occurrence of secretory granules in gland cells. (Corrosive sublimate prepara- 
tion.) 

Fig. 6. From well-nourished worm. To show variations in the border 
of actively ingesting cells. 

a. Gland cell and "ciliated" cell. The granules of the gland cell are not 
preserved ; the ciliated cell holds fat drops which hide the nucleus; the border 
shows coarse stri® (probably rods) springing from a homogeneous band. 

b. The upper part of two neighbouring "ciliated" cells, holding fat 

c. Isolated " ciliated " cell, the upper two-thirds seen only. Ingestion is 
less recent here; the fat is more internal and leaves the cell with a con- 
stricted neck. 

d. From walls of alimentary canal ; border broken into rods. (Macerated 
in 30 p.c. alcohol ; stained with osmic acid.) 

Fig. 7. Typhlosohle, for contrast with Fig. 5. (Flemmiug's fluid.) 

Fig. 8. Wall of alimentary canal, fresh state; to show ready extru- 
sion of bladders under pressure. Figs. 7 and 8 are from the same earthworm. 

Fig. 9. Section taken at right angles to the long axis of the epithelium 
cells. To show abundant granules of gland cells, and indistinctness of 
outlines of the cells among which they lie. (Hardened, osmic vapour.) 

Fig. 10 a. Corrosive sublimate preparation from starving animal ; some 
shriuking. The condition is probably pathological; large solid masses, 
probably the result of cell fusion, push aside the columnar cells of the 
epithelium. 

b. (Oc. 3. Zeiss. Obj. ^^ immers. Powell and Lealand.) To show 
complex character of excretory masses and possibility of large admixture of 
fluid. 

e. To show excretory mass in the form of amorphous lumps of proteid 
without distinctly included vacuoles, or common boundary. Portions of two 
epithelium cells shown. 

d. To show excretory mass in very usual form. It is intercellular and 
contains particles which stain black with osmic acid. 
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[From Vol. VL (Series 2nd) of the " Proceedings of the Linnean 
Society of New South Wales " (29th July, 1891.)] 



OBSERVATIONS ON THE CHLORAEMIDAE, WITH 
SPECIAL REFERENCE TO CERTAIN AUSTRALIAN 
FORMS. 

Bt William A. Haswell, M.A., D.Sc, Edik., F.L.S., Challis 
Professor of Biology, Universitt of Sydney. 

[Plates xxvi-xxviii.] 

The following notes have reference chiefly to a remarkable 
member of this family which occurs on the Queensland coast ; but 
the opportunity has been taken to give some account at the same 
time of two other Chloraemids which have been found by the 
author in Port Jackson, and which have not hitherto been 
described.* A specimen of Stylarioides monUifer was investigated 
lor comparison with the new species, and a few remarks on its 
structure will be found here and there in the following pages. 

I. Description of Coppingbria longisbtosa, n.g. et sp. 

I have seen only two specimens of this remarkable Chaetopod. 
One was dredged in 1881 by Dr. Coppinger and myself in Port 
Molle, Queensland (lat. 20** S.), at a depth of 15 fathoms. The 
other was got long before by the Hon. Sir William Macleay 
during his expedition to Torres Straits and New Guinea in the 
" Chevert," and was dredged off Darnley Island. I have figured 
both of these specimens, as one is more complete in one respect 
and the other in another ; and I find it advantageous to describe 

* The only previously known Aostrallan species of this family appears 
to be the Siphonostomum affine described by me in a paper published in the 
ProceedhigB of this Society. The same name had, unfortunately, been 
applied previously by Leidy to another sgeaiM ; but the latter, as pointed 
out by Grube, is probably a Stylarioides* 
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their external characters separately. The Port MoUe specimen 
has been cut into sections ; the Damley Island specimen remains 
in the Macleay Museum, in the Universitj of Sydney. 

Specimen A (that from Port Molle) has, apparently, had a 
portion of the posterior extremity broken ofL Otherwise it is 
admirably preserved — ^particularly as regards the branchise, the 
tentacles and papillae. Specimen B is entire as regards the s^- 
pients; but the praestomium has been broken off, and the 
branchiee and tentacles are therefore lost. 

Specimen A (plate xxvi. fig. 1). — The body is sub-cylindrical, 
tapering gradually posteriorly, the greatest breadth being at a 
little distance behind the cephalic extremity, where there is a 
slight diUtation. Bound the latter is a circlet of sixteen very 
large setsB, which are nearly as long as the body, thick at the base, 
finely tapering, and slightly curved towards the distal end. They 
are marked transversely by fine transverse lines, giving them the 
appearance of being composed of a number of 8egment& In most 
cases there is situated dose to the base of each large seta a very 
much smaller accessory seta. All the large setee in this specimen, 
as in the other, have attached to them numerous individuals of a 
species of Loxasoma, 

There are twenty-six segments in the body (from which the 
posterior portion has been broken off). The number of the 
segments can only be reckoned by counting the bundles of setse, 
except in the case of a few of the most posterior, which are 
separated from one another by distinct constrictions. All the 
segments behind the head bear setse ; but the parapodia are not 
distinguishable. All, except the first seven, have dorsal and 
ventral sets of setae separated from one another by a short space. 
The dorsal setae alone are present in the first seven segments, or, 
at least, if ventral setae are present in these segments, they do 
not project on the surface. In the first segment (behind those 
that bear the cephalic setae) there are four very long and very 
fine dorsal setasy stouter and longer than those of the succeeding 
segments, and directed forwards. The following segments, 
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except the first six, which have only dorsal seta, have each a 
bundle of four fine, tapering dorsal setsB and three, stouter, short 
ventral setie, which are curved at the ends. (Plate xxvii. fig. 9.) 
The dorsal setee are in fan-like groups directed forwards and out- 
wards. 

The body wall is tolerably firm. The surface is covered with 
cloeely-set papillie, which vary in size, some being elongate, others 
very short ; a number of those around the bases of the anterior 
large setee are very long and slender, with slightly enlarged 
rounded ends : a detailed account of the papilled is given further 
on. 

The head (fig. 2) consists of a stout base, bearing distally a 
pair of tentacles, and a pair of branchiferous lobes. The base is 
8 mm. in length, and at its posterior end is about half the thick- 
ness of the anterior part of the body, narrowing slightly towards 
its distal end ; closely embraced behind by the bases of the ring 
of large anterior setee and by the elongated papillae ; its surface 
is dotted over with papillae similar to those covering the body, 
but smaller. It consists of the greatly produced peristomium 
surrounded, as by a sheath, by a thin prolongation of the first body- 
segment. The praestomium is produced in front laterally into 
the compressed bases of the branchiferous lobes ; mesially in 
front is a small lobe bearing two pairs of eyes ; in front of the 
mouth are borne the two tentacles. The branchiferous lobes are 
somewhat club-shaped, a little shorter than the head, and covered 
with branchiae, about sixty on each. The two tentacles are 
cylindrical, longitudinally grooved bodies, which taper slightly 
towards the end, rather longer than the head^ but scarcely a 
third of the diameter, devoid of papillae. 

The total length of the specimen, including the setae, was 
5 cm. ; of the body excluding setae and head-lobe, 2^ cm. The 
head lobe with the branchiae was 1*2 cm. in length. The greatest 
breadth of the body was '5 cm. ; the breadth at the posterior end 
'2 cm. 

Specimen B (fig. 3). — The form of the body is approximately 
cylindrical, broadest near the anterior end and gradually tapering 
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back wards. There are forty-three segments, which are quite distinct 
behind, but in front are not ix> be distinguished but for the 
bundles of setdB. The latter are situated on slight transverse 
elevations ; there are four slender dorsal setse directed forward 
and three curved ventral sete ; the latter first appear on the fifth 
segment. The head-lobe is similar to that of specimen A, but its 
extremity with the tentacles and the branchisa has been lost ; it 
is separated into two parts by a distinct narrow annular groove. 
The large setce surrounding the head are twelve in number. 

The total length, inclusive of the setae, is 1 decimetre ; that of 
the long setsB 4 cul The remnant of the head-lobe is 1 cm. in 
length. 

II. Position and eblations of Coppingeria. 

There can be no doubt of the relationship of this remarkable 
Polychaet to the members of the family Chhraemidaef both in 
external features, and, as will subsequently be shown, in internal 
structure. But there can I think be little more doubt that it is 
sufficiently far removed from its nearest rel&tiye—Stylariaidea — 
to require a distinct generic appellation. The anterior setas 
constitute the most striking feature; but perhaps a more 
important characteristic is the bifid and produced branchial 
apparatus with its numerous branchial filaments. I propose, 
to call the new genus Coppingeria* and the species longisetosa. 
The characteristic features of the genus may be thus summarised: — 

Body not greatly elongated, swollen in front, composed of a 
moderate number of segments which are not distinct except in 
the posterior portion of the body. Parapodia not prominent, 

♦After my friend Dr. R. W. Coppinger, M.D., Fleet-Surgeon, R.N., 
surgeon of H.M.S. "Discovery," daring the Arctic Expedition of 1875-6 » 
and of H.M.S. ''Alert" daring her soathem oraise. In the acoount 
which he pablished of the latter voyage Dr. Coppinger thns refers to the 
worm under consideration : — " Among the Annelids was one with long 
glassy opalescent bristles sarroanding the oral aperture and projecting 
for,wards to a distance of one and a half inches from the praestomiam." — 
(Cralse of the " Alert," p. 187.) 
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with two sets of setss, except in a few of the most anterior seg- 
ments ; setae of both sets few in number ; those of the dorsal set 
very fine, tapering ; those of the ventral set stouter, curved at the 
ends. The setee of the most anterior segments greatly prolonged, 
forming a complete circlet directed forwards. The prsastominm 
with two pairs of eyes. Branchiae numerous, cylindrical, borne on 
a pair of- club-shaped prolongations of the prsestoraium. 
Tentacles very long, cylindrical, smooth, with a ventral longi- 
tudinal groove. Peristomium produced, capable of being retracted 
together with the prsestomium (and the branchiae?) within a 
sheath formed for it by the following segment. Papillae very 
numerous, not arranged in rows, and equally developed on all 
sides of the body ; some of those around the bases of the anterior 
large setae extremely produced. 

III. — Description op two species op Stylarioides*. 

Stylarioidrs cinctus (Plate xxvi. ^g, 4). 

The total length (exclusive of the setae) is 2*2 5 cm. The longest 
setae of the anterior segments are nearly one centimetre in length. 
The greatest breadth of the body is 3 mm. The total number of 
segments is 48. 

The prsestomium (fig. 5) is produced forwards on the dorsal 
side into a curved lamina, on the anterior edge of which are 
situated the branchiae. Of the latter there are ten, all cylindrical 
filaments, the central pair considerably longer than the others 
and not very much shorter than the tentacles : each branchia 
presents a pair of longitudinal crimson bands. The antennae are 
dorso- ventral ly compressed, transversely corrugated, with a deep 
longitudinal ventral groove, about the length of the first four 
segments. 

The body is cylindrical, somewhat dilated in the anterior portion, 
narrowing suddenly behind the twentieth segment ; the posterior, 
narrow part tapering posteriorly. In a second specimen the ten 

* As defined by Grube. 
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most anterior segments are constricted. The surface is of a dull 
brown colour, without a distinct layer of mucus, encrusted on the 
dorsal surface for some little distance at the anterior end with 
firmly fixed and closely set sand-grains.* The papillse ate not 
very numerous or very prominent, scattered over the surface, 
with a tendency to the formation of irregular transverse rows ; 
they are equally developed on the dorsal and on the ventral 
surface. On the elevations from which the elongated setse of 
the two anterior segments spring, there are papillse of a slightly 
greater length than those on the general surface of the body. 
Each papilla is situated on a little elevated area. 

The segments are not very distinct in the anterior swollen 
part of the body, but are much more evident behind. The 
parapodia do not project from the surface. The setae of the 
first two segments are 40-50 in number, slender, slightly curved 
inwards, directed forwards. On each of the other segments there 
are three or four very slender dorsal setse and three stouter 
ventral setae. The former are transversely striated, as is usual 
in this family ; they are rather longer than the segments ; the 
latter have a short terminal segment, which is unjointed, curved, 
and pointed, articulating with the elongated, transversely striated 
basal poi-tion ; the ventral setae project more prominently from 
the surface in the anterior segments than in the posterior. 

Specimens of this species, together with the following, were 
got with the dredge near Watson's Bay in Port Jackson. It 
belongs to that section of the genus to which Grube refers S* 
parfucUus, Gr., S, Cariboumy Gr., and S. dngtUcUuSy Gr., and to 
which also S, capensiSf Mcintosh, belongs — all these forms being 
characterised by the presence on the dorsal surface of the anterior 
part of the body of a space covered with closely cemented sand- 
grains. I cannot identify the Fort Jackson species with any of 
these. 

* A similar feature is described by Grabe ["AnnuUta Seroperiana," ' M^ni. 
de rAcad. Inip. des Sci. de St P^tersbourg,' vii. s^rie, t. xxv. (1878)] in his 
Sti/larioides pamuUuM from the Philippines, and by Mcintosh in Ttojjhonin 
capentia (*' Challenger *' Reports, Annelida). 
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Sttlarioides Horstii, (Plate xxvi. tigs. 6-8). 

Both of the specimens of this species that are at my disposal 
are imperfect; the more complete of the two is 1'5 cm. in length. 
The longest setae are 2*5 mm. in length. The greatest breadth is 
3'5 mm. The number of segments is 39. 

The head and branchial apparatus are retracted in both speci- 
mens, but, when dissected out, showed the following features : — 
The tentacles are of about the length of the first six segments of the 
body j their greatest breadth is about one-seventh of their length. 
They are deeply grooved longitudinally on the ventral side — the 
ridges bordering the groove being convoluted — and are very finely 
and closely corrugated transversely on the opposite side. The 
branchiie, six (?) in number, are very long, cylindrical, and pig- 
mented at the ends. 

The body is cylindrical, of nearly uniform breadth as far as the 
33rd segment, though rather narrower at the anterior end ; 
narrowing suddenly behind the 33rd segment. There Lb no 
encrustation of sand-grains. The setee of the first two segments, 
about a dozen in number on either side in each, are greatly 
prolonged ; they do not form a ring, but are arranged in definite 
lateral bundles. They are exceedingly fine, and are divided by 
transverse lines into numerous joints; they are covered with stalked 
infusoria like the rest of the setsa. The setse of the third segment, 
4-5 in number, are more conspicuous than those of the rest of the 
body, and are about half the length of the second segment ; there 
appear to be no ventral setae on this segment. The remaining 
segments all have dorsal and ventral setae, which are both longer 
than is usual in this genus. Of the dorsal setae there are five to 
eight in each bundle, many-jointed, very slender, tapering, — their 
length nearly*half the breadth of the body. The ventral setae, of 
which there are 4-6 — usually 5 — ^in each fasciculus, are much 
thicker than the dorsal, unjointed, laterally compressed, often 
twisted, slightly hooked at the ends, much longer in the anterior 
segments than they are further back. 
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A remarkable feature is the arrangement of the papillae. Those 
of the first two segments are elongated, especially round the bases 
of the fasciculi of setae. On the dorsal surface of the Ijody each 
papilla is elevated on a conical wart-like protuberance, while on 
the ventral surface these elevations are absent. They are more 
numerous than in the preceding species, smaller and with a 
tendency to form transverse rows only on the dorsal surface. 

I am not quite clear as to the position of this species ; but if 
Grube's definitions of the genera Troplionia and Stylarioidea be 
followed, the retractile praestomium would place it in the latter 
genus. At the same time, the considerable development of the 
setae behind the head brings it nearer the species of Trophonia. 
It has considerable resemblance to the European T, plumosa^ 
^liiller ; but the tubercles on that species are described as being 
found all over the body instead of being confined to the dorsal 
surfax^e. 

IV. — Integument and papilljg. 

In Coppingeria the cuticle, which is of considerable thickness 
over all parts except the branchiae, is covered superficially with a 
layer of a granular-looking substance with included irregular 
particles, which is evidently the layer of mucus with entangled 
granules of foreign matter present in other members of this 
family. This layer, however, though represented in all parts 
except the prae- and peristomium, with the branchiae and ten- 
tacles, is comparatively thin, being for the most part of about the 
same thickness as the cuticle. A similar layer of tough gela- 
tinous matter has been noticed by all who have given attention 
to the structure of this family of Polychaeta. In Siphono8tomum 
it is separable with a little trouble from the body of the woim ; 
but in the present form, as in Stylarioidea, it is firmly adherent, 
so as to appear as a definite layer of the integument. 

In Coppingeria the cuticle has the appearance of consisting of 
a single layer. But in Stylarioides dncttLs (PI. xxvii. fig. 15) there 
are two, the more internal having many papillae and ridges, which 
penetrate into the outer. 
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The epidermis (plate xxvii. fig. 15) is a very thin layer save in 
certain situations, only reaching a considerable development on the 
prsestomium and part of the peristomium, the grooves of the 
tentacles and the branchial filaments. Beneath each of the 
papillae the epidermis becomes modified as described below. It 
consists of flattened cells (fig. 16) of polygonal outline, the reticu- 
lated protoplasm of which presents smaller and larger vacuoles. 
The reticulated substance of neighbouring cells is separated by 
narrow uncolourable bands, which anastomose and present the 
appearance of a branching system of fine channels, which may be 
connected with the secretion of the mucus. 

Like the adherent layer of mucus the papilla are specially 
characteristic of the Chloraemidae, and appear to be present in 
one form or another in all the members of the family. They 
have been described under various names, " mucus-secreting 
papillcB," "poils," "tubercles," "granules." They attain their 
greatest development as regards length in Siphono8to7num, where 
they are greatly elongated, so as to penetrate to the surface 
through the relatively very thick layer of mucus. In Coppingeria 
(plate XXVII. figs. 11-14) they occur over the entire surface of the 
body, giving it a very remarkable appearance when examined 
with a lens, owing to their resemblance to the tube-feet of a 
sporadipodous Holothurian. They are not of uniform length, 
but vary considerably in this respect, a fact which might be apt 
to produce the erroneous impression that they are extensile and 
retractile. They are specially developed around the bases of the 
cephalic setae, where they attain a length of as much as 3 or 4 mm. 
In other parts they are much shorter, on an average "5 mm. in 
length. Their form is subcylindrical, with a slight terminal knob- 
like enlargement i in the shorter forms there is usually a consider- 
able amount of constriction at the base, and in these also the apex 
is pushed in to form a shallow cup-like concavity, which may, 
however, though very regular, have been produced, or at least 
increased, by the action of the alcohol. 

The memoirs of Delle Chiaje not being at present accessible to 
me, the earliest detailed account of these papillae which I have 
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met with is that of Dujardin. In his account of Chloraema 
EduHK'dsii* he speaks of the sort of fleece or felt with which it is 
covered, composed of hollow flexible filaments, club-shaped at the 
extremity, and constituting a series of minute stalked glands 
secreting the mucus. Costaf in his account of Siphonastoma 
diplochditos makes mention of the papillsB or stalked glands, as he 
regards them. Those of Lophiocephalua he describes as vascular 
and as having an aperture at the extremity for the discharge of 
the mucus. 

Leuckart in his "Beitrage zur Kenntniss der Fauna von Island "| 
also describes the papillae of Siplumoatomum vaginiferum as 
appendages of the vascular system ; but he contends that, though 
the extremity may present a pit-like depression, it is never per- 
forated. He is inclined to favour Rathke's and Costa's view that 
they have to do with the secretion of the mucus^ but suggests that 
they may also be concerned in the process of respiration. 

Schmarda§ in his description of Trophonia xanthotricha men- 
tions the presence in each segment of a transverse row of little 
suckers which when retracted appear like minute warts. These, 
he states, the animal uses to fasten itself, and also employs them 
in locomotion, like the tube-feet of the Echinoderms. 

Quatrefagesll gives the following account of these structures 
in Chloraema Dujardinii : — " Les polls recouvrent le corps tout 
entier k Texception de la face ventrale. Us sont form^ par une 
tige tr^s grSle, qui se renfle brusquement a Textremite. Ce ren- 
flement est ordinairement presque piriforme aux poils voisins des 
pieds et simplement arrondi sur le reste du corps. A Tint^rieur, 
on distingue des cloisons cellulaires irreguli^res, qui rappellent 

* '* Observations sur quelques Ann^des marines." 'Ann. des Sci. Nat.' 
2e s^e, tome xl (1S39), p. 289. 

t ''Desoription de quelques Ann^des nouvelles du Golfe de Naples.'* 
'Ann. des Sci. Nat' 2e s^e, tome xvi., 1841. 

X Archiv f. Natnrg. xxix. (1849). 

§ Neae wirbelloee Thiere. 

II Histoire Natarelle des Ann^lte,'* tome i., p. 474 (1865). 
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oelles de V&me d'une plume . . . Partout ils sont noy^ dans 
une mucosit^ parfaitement transparente." . . . 

In his "Memoire sur la famille des Chlor^miens,"* he had 
previously expressed the opinion that the granular contents, in 
the case at least of some of the papillae, were continuous with 
the epidermis. 

ClaparMef gives the most complete account of the papillas. In 
Stylarioidss monili/er he states that their form appears usually 
cylindrical, but adds that that is due to the encrusting layer of 
mucus, on the removal of which the papilla appears in the form 
of a spherical button at the end of a pedicle. Both pedicle and 
button are formed of two layers, the more external of which is 
homogeneous and is a continuation of the cuticle, while the other, 
finely granular, is the subcuticular layer. He had not succeeded 
by means of any re-agent in discovering any nuclei in the granular 
layer. The same structures in Trophonia eruca he describes in 
similar terms. 

In the case of Siplumoatoma diplocluiitos the same author 
describes the peduncle of the papillte as formed of a cuticular 
envelope and an axial granular layer with ill-define^l longitudinal 
fibrillation. In this axial substance, numerous elliptical nuclei, 
having their long axes parallel with the axis of the peduncle, are 
brought into view under the action of acetic acid. The base of 
the club-like enlargement is filled with globular finely granular 
masses without cellular structure. Further on the central sub- 
stance re-assumes its ill-defined fibrillar structure, and terminates 
in several pyriform bodies of a sulphur-vellow colour. He denies 
the asserted vascularity of the papillse, and sets them down as 
Avithout doubt tactile organs. 

GrubeJ comes back to the view of Costa and Leuckart that the 
papillae are concerned with the secretion of the layer of mucus. 

♦ * Ann. Sci. Nat.' 3e 86rie, tome xn. (1849), p. 277. 
f *< Lea ADn^lides Ch^topodes du Golfe de Naples," p. 357 (1868). 
t ** Bemerkungen Uber die Familie der Chlorhaeminen." * Bericht der 
Schles. GesellAch.' 1876, p. 37. 
23 
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Studer in his aooount of Brada mammilloUa* describes the 
epithelium as conaisting of narrow cylindrical cells, and gives an 
account of certain sac-like structures formed from groups of 
modified epithelial cells, which he regards as glands, leading by 
a duct to a pore on the summit of one of the tubercles. These 
so-called glands are the basal ganglia of the papillse described 
below. Joyeuz-Laffuie holds with Kblliker that there is every 
reason to regard the papillss as tactile organs. 

In most respects my own observations on this point agree with 
those of GlaparMe; and I have been able to add some details 
regarding the structure of the appendages in question which go 
to confirm his opinion of their function. In Coppingeria (figs. 
11-14) all the papillsB have essentially the same structure. Most 
externally is a thick firm layer continuous with the cuticle of the 
general surface. Immediately below this is a thin layer continuous 
with the epithelium. These layers bound a cylindrical cavity, which 
is continued at the base into a narrow canal. Immediately below 
the base of each papilla is a little ganglion composed of a rounded 
group of cells with a mass of granular matter on its deeper facaf 
Delicate strands run outwards from this basal ganglion and, 
passing through the narrow neck of the papilla, enter a second 
ganglion in the base of the latter. From this there runs to the 
extremity of the papilla an axial strand of fibres with occasional 
nuclei, and from this run out a few similar but finer branch 
strands, which end in the epithelium. The axial strand breaks 
up at the end into a few delicate radiating fibres, which terminate 
in a group of cells, constituting what might be regarded as a third 
ganglion at the extremity of the papilla. 

In view of their structure, there can be no doubt that these are 
sensory papillao. They contain no muscular elements, and, there- 
fore, can have nothing to do with locomotion or fixation. They 
contain no cells that can be construed as gland-cells, and therefore 

* "Beitrage sur Natnrgesohichte wirbelloBer Thiere in Kergaelensland." 
<Arch. f. Natarg.* 187& 

t The granular matter is not present in the case of the elongated papilla 
at the anterior end of the body. 
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the J cannot have specially to do with the secretion of mucus. Their 
structure is almost exactly similar in all essential particulars to 
that of the papillsD on the elytra of the Polynoidae (fig. 18), and 
I have no doubt that the function is the same in both cases.* 

In Stylariaides einctus the form of the papillae (fig. 15) is 
similar to that of those of Coppingeria , but each papilla here is 
situated on the summit of a conical elevation, in which is contained 
the relatively large basal ganglion. In Siylarioides Horstii the 
papillae (figs. 17a and 176) are very long and slender, not unlike 
those of Siphonoatomum^ but with only a very faint terminal 
swelling. Each is covered, except at the extreme end, by a very 
thick layer of tough mucus. In Stylariaidee monilifer (fig. 19) 
the form and structure of the papillae is essentially similar to 
those of S. cinctusj the basal part being, however, relatively 
longer. 

V. — Blood-vascular system; branchi^; unpaired gland. 

Considerable discrepancies exist between the descriptions of 
the vessels in the Chloraemidae given by dififerent authors. 

Dujardinf simply states that he had seen the green blood circu- 
late in dorsal and ventral longitudinal vessels with numerous 
transverse branches. 

Ck)sta| describes the ventral vessel ("vaisseau abdominal ou 
veineux ") in Lophioeephalus as not extending through the length 
of the body and not adhering to the body-wall, but as free, arising 
from the lower part of the cesophagus, increasing in size as it 
extends backwards, attaching itself to the walls of the stomach, 
again becoming reduced in size and losing itself in ramifications 
on that organ as well as on the wall of the body. From the 
ventral vessel it passes to the branchiae, by which it returns 
through the dorsal vessel or heart, which in turn breaks up into 

* Vide Jonrdan, " Stmctore des dytres de quelques Polyno^" ' ZooL 
Anz./ 8, p. 128. 

tL.c. (8). 
$L.c.(6). 



Digitized by 



Google 



342 OBSERVATIONS ON THE CHLORAEMIDAE, 

branches on the stomach. In Siphonoatoma diplochditos he des- 
cribes the circulation as similar to that of Lophiocephalus^ with 
the exception that both dorsal and ventral vessels have a dilatation 
situated much nearer the head. 

Qnatrpfages* states that in Chforaema Dujardinii there are 
two dorsal trunks, which are united in front and behind in all 
the extent of the narrow part of the intestinal tube. But they 
become isolated and attain a more considerable size on arriving at 
the dilated portion possessing a layer of hepatic cells. Here each 
of them becomes cemented to one of the sides of the digestive 
tube, and they become united anew in the region of the oesophagus 
to form a thick fusiform contractile crunk, which drives the blood 
towards the branchiae. 

ClaparMef describes the dorsal and ventral vessels inStylarioides 
as both being simple, with lateral branches in each segment ; tlie 
intestine is accompanied by two inferior enteric vessels situated 
close together. GrubeJ merely mentions the presence of dorsal 
and venti-al vessels with transverse branches. 

In his "Rechercbes sur le syst^me vasculaire des Ann^lides"§ 
Jacquet describes at considerable length the vascular system in 
Siphonoatoma diplochditos. He alludes to the observations of 
Delle Chiaje, Costa, Quatref ages, and ClaparM<*, ali-eady referred to, 
with regard more especially to their interpretation of the character 
of what he calls the dorsal vessel. Referring to the statement of 
Claparede that the structure in question is a gland which has 
been mistaken for a blood-vessel owing to its colour, he expresses 
the opinion that this soi-dlsant gland only differs from the ordinal y 
blood-vessels in its deepef colour, which is due to its larger size 
and the larger quantity of liquid which it contains as well as to 
the presence of pigmented elements in its walls. 

• **M6moire sur la famille dea Chlor^miena." *Ann. ScL Nat.' 3e. s^rie, 
t. xii. (1849). 

t <* Ann^lides Ch^topodea du Golfe de Naples," p. 363. 
t "Bemerkungen ilber die Familie der Chlorseminen," 'Bericht der Schles. 
Gesellsch.,' 1876, p. 39. 

§ "Mittheil. a.d. zool. Stat, zu Neap.," vi. Bd. (1885), pp. 370-379. 
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His description begins with the branchial vessela In each 
branchia there are two vessels, communicating with one another 
at the extremity of the filament. To the bases of the branchie 
the blood is carried by a canal coming from the neighbourhood of 
the end of the doi-sal contractile trunk. This canal divides into 
branches for the branchial filaments (one to each), and also gives 
off a pair of branches to the tentacles. 

The dorsal contractile trunk or heart, he states, is united 
directly with the ventral at a point below a pigmented spot 
which he regards as a visual organ. Further back it gives off 
various branches, the course of which is described. One of the 
two largest pairs of these is directed forwards ; it is cemented to 
the inner surface of the skin in its dorsal part. The second pair, 
which is the larger, takes origin a little below the first and runs 
backwards ; it is also cemented to the skin, and it terminates 
abruptly at the sixth pair of parapodia. Behind this there is no 
dorsal vessel proper. The heart terminates behind in the wall of 
the stomach in a system of sinuses, and Jacquet conjectures that 
the anterior dilated part may have a glandular wall secreting 
some digestive substance, which is carried to the stomach in the 
blood ; the plexus of sinuses extends backwards in the wall of the 
intestine. A ventral vessel extends from one extremity of the 
body to the other. In the neighbourhood of the mouth it divides 
into two branches, which pass round the oesophagus to unite with 
the anterior end of the heart. He contrasts the arrangement 
described with that which is given by Quatrefages for Chlorasma, 
and draws the inference that there is a considerable amount of 
diflference in internal structure between the two genera. 

There would thus appear to be a considerable amount of diffe- 
rence in the arrangement of the vessels in the various genera. 
As far as my own observations on this subject extend, the 
following would appear to be the general features of the vascular 
system in this family. There is a peri-intestinal sinus or plexus 
of sinuses in the wall of the alimentary canal. This terminates 
in front at the cardiac end of the stomach, and from it runs 
forwards a large median dorsal vessel or heart, which is subject 
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to regular peristaltic contractions, driving the blood from behind 
forwards. This vessel contains the unpaired cardiac gland, to 
which reference is made below. In the peristomial region it 
divides into two main afferent branchial vessels, each of which 
divides to give rise to the corresponding tentacular and branchial 
branches. 

In Cojypingeria the arrangement of the vessels conforms in all 
essential respects to that described by Clapar^e for Stylarioides 
(Trophonia) monUifer, There is a peri-intestinal sinus or rather 
plexus of sinuses in the wall of the stomach. From this, at the 
anterior end of the stomach, passes forwards the short dorsal 
vessel or heart, almost jjarallel with and on the dorsal side of the 
oesophagus. This bifurcates in the anterior part of the peris- 
tomium. Each branch enters the branchial stalk and breaks up 
anteriorly into a number of afferent branchial vessels (fig. 25, 6r.), 
each running to the end of one of the branchiae. The blood 
returning from the extremities of the branchiae by means of the 
efferent branchial vessels must be carried back by a trunk, which 
appears in my sections as a vessel of small size, running backwards 
just above the oesophagiis. This bifurcates behind, the two 
branches thus formed embracing the oesophagus at its posterior 
end and uniting below with the ventral vessel. The latter runs 
forwards only a short distance in front of this junction, but is 
continued backwards throughout the body. On the dorsal side 
there is given off from the heart a dorsal vessel which runs back- 
wards throughout the length of the body on the dorsal aspect 
above the alimentary canal. 

Claparede (I.e., p. 360) describes the branchial vessels in Styla- 
riaides monUifer as having lateral diverticula ("anses''), and in his 
figure of a portion of a branchia (plate xxv., 1b.) transverse dotted 
bands are described as the diverticula in question, covered with 
brown pigment. There are no lateral diverticula in Coppingeria nor 
in Stylariaides cinctus. The branchial vessels in the former are 
accompanied by bands of a granular material which colours 
deeply with haematoxylin and which may contain pigment; in 
the latter there is a reddish-brown pigment These pigmented 
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elements remind one of the structures called '* pigmented Ijmpk- 
glands" by Eduard Meyer/ found on the branchial vesa^a of 
Terebellidae and CirrahUidaej and probably are of a similar 
character. 

The epithelium covering the branchise is peculiarly modified in 
Coppingeria, the cells as seen in sections having straight sharply- 
defined lateral borders, as if they had acquired a stiff and rigid 
character ; as there is no internal supporting layer, it is likely 
that this is actually the case, and that the ciliated epithelium acts 
to some extent as a supporting structure. 

Considerable confusion has existed regarding the relations of 
an iinpaii'ed gland situated in the dorsal region of the anterior 
part of the body ; it has been noticed and described by various 
observers, but by nearly all its position has been incorrectly 
interpreted. 

The structure in question seems to be represented in Costa's 
figures, though it is neither referred to in the text nor in the 
explanation of the plates. It does not seem to have been noticed 
by Dujardin, by Quatrefages, or by Leuckart. 

Clapar^dHJ states that it had been observed by Delle Chiaje in 
Stylarioides and regarded by him as a coecum of the alimentary 
canal. ClaparMe describes it as a coecal tube of an intense black 
colour, sometimes inclined to green, extending backwards as far as 
the stomach, to which it adheres by its blind posterior extremity. 
It appears to open in front on the dorsal wall of the buccal cavity. 
It is formed of two layers — an outer, very thick, colourless, 
muscular, and rich in vascular plexuses, the inner, an epithelium 
of intense blackness — the cells being loaded with dark granules. 
The functions of the gland he looks upon as entirely problematical. 

In his account of Siphonostoma diplochaitos the same author 
remarks (p. 370) that Max MUller, following Costa, bad fallen 
into a grave error in describing this structure as a large blind 



* •'StudienUberden Korperbaader AnneUden.*' 'MittheiL a. d. ZooL 
Stat, am Keapel,' vii., p. 645 (1887). 

t L.O., p. 302. 
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Grube follows ClaparMe in his view of the sti-uctnre in question. 

Langerhans* describes in Brada inhahilia three glands as opening 
in the neighbourhood of the mouth, a median one, the cells of 
which contain brown pigment granules, and a pair, in the cells of 
which are round concretions. 

Studert describes the unpaired gland as opening in front over 
the (esophagus. 

Jacquet comments (I.e., p. 373) on the numerous misconceptions 
to which the dorsal vessel has given rise, and, after quoting the 
opinion of Claparede, to which reference is made above, goes on 
to say : — " Nous verrons que Claparede en voulant rolever une 
donn^ qu'il consLderait com me erron^e, retombe dans les id^s 
de quelquesuns de ses pr^d6cesseurs, id^ que je suis arriv^ k 
consid^rer comme fausses. Get auteur croit avoir trouv^ la cause, 
qui a induit en erreur Costa, dans la couleur de cette glande. Si 
cette soi-disant glande est plus fonc^e qu'un vaisseau sanguin 
ordinaire, cela depend de deux motifs. Comme cet organe pr6- 
sente dans sa partie la plus renfl6e un diam^tr^ de plus de vingt 
fois celui d'un canal sanguin, il est naturel que contenant une 
beaucoup plus grand quantity de liquide, celui-ci parattra plus 
ioncL En outre, on remarque que les parois de cet organe con- 
tiennent des 616ments pigmentes." Further on he conjectures 
that the anterior dilated part of the dorsal vessel may have a 
glandular wall secreting a substance calculated to facilitate diges- 
tion. He thus denies entirely the presence of anything but a 
thick dorsal vessel or heart with a pigmented and perhaps 
glandular wall. 

HorstI was the first, so far as I have been able to determine, 
who gave an accurate account of this structure. He shows that 
it is the dorsal vessel enclosing in its interior an elongated narrow 

♦ '*Di€ Wurmfauna von Madeira," 'Zeitschr. f. wiss. ZooL* xxxrv. Band. 
(1880). 

t ** Beitrage zar Natargeschichte wirbelloser Thiere in Kerguelensland*' 
* Archiv fUr Natargesch.' 1878. 

X *'Ueber ein rathselhaftes Organ be! den Chloraemiden," 'Zool. Anz.' 
vni. (1885). 
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dark body, which is eontinaons behind with the wall of the 
stomach. This peculiar dark body is composed of different 
strands irregularly entwined and mostly with an oval transverse 
section, formed of cells filled with brown granules, the cell-struc- 
ture not being always distinctly visible. He does not definitely 
suggest any function for the dark glandular body, but points out 
that it has its homologues in various sedentary Annelids — such as 
Ter^)dla and CirrcUuhis — as well as in Polyophihalmus^ Cteno- 
drilusy and Enchytraeiu. 

Cunningham* states that in Trophonia plumosa the somewhat 
cylindrical cords, of which the cardiac body is made up, are seen 
in sections not to be composed entirely of cells, but in most cases 
to possess a lumen, the cells around which form a glandular- 
looking epithelium of several layers — the more internal clear and 
vacuolated. He finds no trace of any opening either in front or 
behind. In Flahelligera affinia (Siphonostoma) the organ in 
question is very different ; it is relatively narrow and occupies 
only a small part of the lumen of the heart ; it has the form of a 
narrow irregular flat band, which in transverse section appears as 
an irregularly branching narrow tract without distinct lumen, 
the walls being in close contact. The clear vacuolated cells are 
absent — the epithelium consisting entirely of elongated columnar 
nucleated cells ; and the granules are smaller and less numerous. 
Cunningham dissents from Horst's view that the organ in 
Enehytraeu8 is homologous with the cardiac body of the Ghhrae- 
midae. He states that in Trophonia there is no connection 
between the cardiac body and the intestinal epithelium. 

In Coppingeriay Stylarioides cinctua^ and S, Horatii^ and Siphonoa- 
tomum affine, this cardiac body is a greatly-elongated dark-coloured 
structure, which lies in the interior of the heart or contractile 
dorsal vessel. In front it is very narrow (fig. 20 c. b,) and does not 
nearly fill up the lumen of the vessel ; but further back it is 
broader, and in sections appears completely to block up the cavity. 

• ••Some points in the Anatomy of the Polychata," 'Quart. Joum. Micro. 
Sd.* vol xxvm. 
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In a Itviog specimeii of Siphanoaiomum ajfine^ however, it was 
seen that the vessel in a dilated state is considerably larger than the 
enclosed cardiac body. The latter oonslstsof longitudinalljarranged 
lobes, which in all the specimens examined had lost their cellalar 
stmcture, — this being represented in the case of Coppingeria merely 
by naclei and faint traces of cell-bodies. An examination of my 
sections confirms Canningham's statement that there is no connec- 
tion whatever between the cardiac body and the intestinal epithel- 
ium. In front it is continuous with the wall of the vessel; behind 
it is completely free and moves passively with the peristaltic con- 
tractions. Cunningham describes a lumen as being present in the 
cardiac body, but in this I think he is mistaken. The lobes are 
in some parts slightly separated from one another, leaving fissures 
here and there ; sometimes there is a star-shaped fissure in the 
middle, but where this is the case the space is filled with blood. 
Whatever may be their condition at an earlier stage, the lobes in 
the specimens I have examined are solid and contain no lumen. 

YI. Alimentart canal akd hephridia. 

The special features of the alimentary canal in this family have 
been described by various authore, and I have little to add with 
regard to Coppingeria to what has been already published. The 
anterior part is in the form of a narrow oesophagus, with a high 
epithelium of ciliated cells. The wide stomach, with its anteriorly 
projecting caecum, is thin-walled, with a low epithelial lining ; it 
is filled with particles of mud containing the remains of many 
microscopic organisms. The narrow intestine has a comparatively 
thick wall, with an epithelial layer of elongated ciliated cells ; its 
lumen contains no food particles. The peculiar orange colour of 
the stomach in its anterior portion, which appears to be general 
in this family, is, of course, not to be detected in a specimen so 
long preserved in spirits, but is well-marked in Stylarioides cinctus. 
In this species the hinder part of the stomach (fig. 21) is bent on 
itself so as to run obliquely forwards for a little distance before 
passing into the intestine ; the latter is bent round in ^e wiiy 
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re[>reMiited in the figure, before pursuing its straight course back- 
wards towards the anus. 

The nephridia were described by Otto as salivary glands, and 
the same view of their nature was taken by Quatrefages* as well 
as by Dujardin. They are only very obscurely referred to by 
Costa. 

lieuckart (I.e., p. 166) expresses a doubt as to the correctness of 
Rathke's view that these represent salivary glands, and suggests 
that they may be comparable to the Polian vesicles of Echinoderms. 

ClaparMe, to whom we owe the earliest recognition of the true 
nature of these bodies, statesf that they had been seen by Delle 
Chiaje and Rathke as well as KoUiker. He remarks that there 
is a great resemblance, as had already been pointed out by the 
last-named observer, between these organs and the renal organs 
of the Gastero[)oda. He describes them in Stytarioidea as tubular 
glands opening externally near the mouth and terminating behind 
in a cul-de-sac at the sides of the stomach, in the eighth segment. 
They are full of spherical bodies resembling coIIr, but without 
evident nuclei, and each of them containing a single spherical 
concretion or several. 

Grube's statement regarding these bodies is essentially a repe- 
tition of ClaparMe's. 

Langerhans,^ as already mentioned, describes three glands as 
opening in the neighbourhood of the mouth in Brada inJutbilis, 
Rathke, the unpaired one being evidently the cardiac body and 
the lateral, containing round concretions, the nephridia. 

Studer describes these excretory glands as opening in front into 
the anterior part of the pharynx. 

In Coppingeria these glands are of large size and deeply lobed. 
They extend from the posterior part of the praestomium backwards 
through the following two or three segments, and are prolonged 

* *< M^moire sur la famille des Ghlor^mieii^." * Ann. Sci. Nat.' 2e s^rie, 
tome xn. (1849), p. 277. 

t L.O., p. 362. 
t «*IMe Wurmfanna vob Madeira/' *ZeitMh. t wiss. Zool.' xxxiv. (1880). 
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for .some distance further back in the form of two comparatively 
narrow tubes, which lie close together on either side of the middle 
line of the dorsal part of the body-cavity. Their ducts meet in 
front below the oesophagus, and the median duct thus formed 
appears to open on the ventral aspect of the praestomium, but 
defects in the sections leave this doubtful. The glands are lined 
with an epithelium of large irregularly-shaped cells (fig. 22) with 
vacuolated protoplasm containing numerous rounded granules of 
various sizes, some of which are stained darkly by haeraatoxylin, 
the largest having the appearance of being made up by the coales- 
'cence of numerous extremely minute particles. 

In Stylarioidea cinctits these glands are in the form of narrow 
twisted tubes, the cells lining which are similar to those just 
described. The granules do not become stained by borax-carmine 
and a nucleus becomes revealed in each cell. In Siphonostomum 
affirie the cells have the form represented in figure 23, mostly 
narrow at the base, with a rounded bulging at the free extremity, 
containing numerous minute granules scattei^ed through their 
protoplasm and some larger ones at the base, where there is in 
most a zone of protoplasm which stains more deeply with haema- 
toxylin than the rest. 

VII. — Nervous system, eyes, and tentacles. 

The remarkable position occupied by the ventral nerve-chain in 
the members of this family was remarked upon by Leuckart in his 
account of Siplwnostomum vaginiferum^ Rathke (I.e., p. 165). It is 
completely separated from the epidermis, and lies within the layer 
of circuit! r and oblique muscular fibres of the body wall. The 
cord presents very distinct ganglionic swellings, which are bilobed 
externally, though completely fused internally ; between the 
ganglia the cord is distinctly double. The cesophageal commis- 
sures are of great length in co-ordination with the retractility of 
the prse- and peristomia. The anterior part of the nerve cord in 
Stylarioidea cinctus is represented in plate xxviil. fig. 24. 

The presence of eyes in members of this family has frequently 
been overlooked owing to the retractile character of the prae^tto- 
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miam on which they are situated. Quatrefages describes Chloraema 
Dujardinii as possessing a single pair of eyes placed close together. 
Leuckart describes two pairs of eyes ivLSiphonostomum vaginiferum, 
and Johnston* states that Siphanostomum uncinatum possesses 
four eyes. This is con6rmed by Jourdanf as regards S. diplochaUoSy 
and by Joyeux-Laffuie| as regards Chloraeina Dujardinii. I have 
observed the same to hold good in regard to Siphonoatomum ajffine^ 
Stylarioides dnctuSy S. Horstii, and Coppingeria longisetosa. It 
seems probable in fact that the presence of four eyes is general iu 
this family. 

The two pairs of eyes in Coppingeria (fig. 26) are situated on a 
lobe, which is a process from the preestomium between the bases of 
the branchiae. Into the interior of the oculiferous lobe projects a 
group of nerve-cells, forming an optic ganglion, which is really a 
lobe of the brain, with which it is in immediate connection — the 
optic nerves mentioned by Quatrefages§ not being represented. 
Both eyes project prominently on the surface, those of the anterior 
pair being the larger. The cuticle forms a concavo-convex 
thickening (^cu.) over the eye, immediately internal to which is a 
layer of cells (c), which present no i egular arrangement. Then" 
follows a layer of thick crystalline rods (r), which are probably 
continuous with elements composing a cup-sha^^ed layer of darkly 
pigmented substance (pi.), outside of which are the nerve-cells. 
In Sipfumostomum ajffine and Stylarioides cinctiis the eyes are less 
prominent, and are buried in the substance of the praestomial lobe. 

In Sipltonostoinum afflne (fig. 27) they difier slightly from those 
of Coppingeria, The pigment (^t.) forms an almost complete 
capsule, with only a small opening. Enclosed within this are a 
series of thick rods, which fill up the whole of the cavity — there 
being no nucleated elements iu the interior of the pigment capsule. 

* ** Catalogue of British Non-Parasitical Worms." 

t" Etude anatomique sur le Siphonostoma diplochaltos, Otto." 'Ann. 

Mus. d'Hist. Nat. Marseille,' Zool. t. 3, Mem. No. 2. This is known to 

me only through the abstract hi the ''Zool. Jahresb." (1887, Vermes, p. 64). 

X ** Sur I'organisation des Chlor^miens." * Compt. Rend.' t. 104, p. 1377. 

§ " Hist. Nat. des Ann^l^," tome i., p. 471. 
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There is a sort of oomea-lens, however, formed of a number of 
elongated epidermal cells, which pass over the outer side of the 
eye. 

The tentaclea in Coppingeria are slightly corrugated transversely, 
and are marked by a deep longitudinal groove on the ventral 
sui-face. They are hollow, and the cavity is divided by a dorao- 
ventral longitudinal septum. In the septum runs the main blood- 
vessel. The wall of the tentacle contains a thin circular or oblique 
and a much thicker longitudinal layer of muscular fibres. The 
cuticle is very thin ; the epidermis has the cells more elongated 
than in the body ; here and there is a cell which stains more 
strongly than the others, of a spindle-like shape, perhaps a sensory 
cell. The epithelium (fig. 28) on the inner faces of the ridges 
bounding the ventral groove is specially modified. Many, or all, 
of the cells are provided with close-set short cilia. They are very 
long and narrow — many almost fibre-like, — and from their inner 
ends pass delicate fibres to a nerve situated (n) at the base of the 
ridge. We have here evidently an epithelium which is specialised 
not only in the direction of bearing cilia for driving food towards 
the mouth, but also in that of possessing numerous sensory cells, 
connected either with a specially developed tactile sense or with 
a sense of taste or smell. 
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EXPLANATION OF PLATES. 

Plate xxvi. 

Fig. 1.— Port MoUe specimen of Ooppingeria Icngiietota, three times the 
nataral size. 

Fig. 2.— Produced peristominm and pnestominm with tentacles and 
branchicB seen from the dorsal aspect: &r., branchiad; te., 
tentade. 

Fig. 3. — ^Damley Island specimen, thrice the nataral size ; lateral view. 

Fig. 4. — Stylarioides cinctw, magnified. 

Fig. 5. — Anterior extremity of the same with the tentades and branohift ; 
ventral view : 6r., branchi» ; te., tentacles. 

Fig. 6. — Anterior end of Stylarioidea Horslii, from the dorsal side; 
magnified. 
24 
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Fig. 7. — The same, from the side. 
Fig. 8. — Ventral view of the same. 

Plate xxvn. 

Fig. 9. — ^Ventral seta of Coppingeria longiselosa, x 100. 

Fig. 10. — Ventral seta of Stylarioidea cinctua. 

Fig. 11. — Section of one of the shorter papills of Coppingeria, 

Fig. 12. — Section through one of the longer papillie of the same: f)».» 

mncos ; ^'.> <7^., ganglia. 
Fig. 13. — ^A papilla of the same with the extremity inverted : tn., mucoa ; 

Sr«., flf»., ganglia. 

Fig, 14. — Papilla of the same showing the basal ganglion, gh ; ct4., cuticle; 
mu8., outer muscalar layers of body wall. 

Fig. 15. — Section of the integument of Stylarioidea dnctusx ^., basal 
ffanglia; m., layer of mucus ; C, external, and c",^ internal 
layers of cuticle ; e., epidermis ; mtM., muscular layer. 

Fig. 16.— Surface view of epidermal cells of Stylarioides cinctus. 

Figs. 17a and 17b.— Papilla of Stylarioides Horstii. 

Fig. 18. — From section of an elytron of a species of Polynoe^ showing 
sensory papilla : n., nerve-branch; {/., ganglion. 

Fig. 19. — Papilla of Stylarioides monilifer : g'., basal ganglion ; m., mucua. 

Fig. 20. — Transverse section of the anterior part of the body of Coppingeria 
longiaetosa to show the position of the cardiac body: A., 
** heart ;" c&., cardiac body ; tn?., ventral vessel ; cea., oesopha- 
gus ; Int., longitudinal bundles of muscular fibres. 

Fig. 21. — Stomach, with oesophagus and beginning of intestine of Stylari- 
oides cinctua. 

Pig. 22. — Part of a section through one of the nephridia of Coppingeria 
longisetoaa. 

Fig. 23. — Part of a section through nephridium of Siphonoatomum affine. 

Plate xxviii. 

Fig. 24. — ^Anterior part of ventral chain of gemfflia in Stylarioides dneiua : 
c, commissures connecting cerebral and first ventral ganglia. 

Fig. 25. — Section (nearly transverse) through the prsestomium of Coppin- 
geria in the region of the cerebi'al ganglion fg): dv., two 
main branches of the dorsal vessel ; &r., afferent branchial 
vessels ; pi,, pigmented (?) cords accompanying branchial 
vessels ; tv,, tentacular vessel ; m., mouth. 

Fig. 26. — Section of eye of Coppingeria: cu., cuticle with its thickening 
over the eve ; c, layer of modified epidermal oeUs ; r.» crys- 
talline rods ; pt., pigment cup ; g,, nerve-cells. 

Fig. 27.— Section of eye of Siphonoatomum ajine: co., cornea-lens; pi,y 
pigment cup ; r., crystalline body. 

Fig. 28.— Lateral and ventral part of a transverse section through a 
tentacle of Coppingeria : gr,^ ventral ciliated groove ; n., nerve. 
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(Angabe der F&rbung and der Maasse nach den Weiageistezemplaren.) 

OijektpWra. 

Pwipklns Guild, char, emend. 

Corpus breyius Tenniforme, semicyliadratam, yentre piano, cute 
moUi yerrnoosa, segmentis minuB numerosis, hand accnratiuji distinctis, 
annnlatifl, pari pedum i-no instmctis. Lobus cap i talis crassus cum seg- 
mento buccali coalitUB, tentacnla firontalia filifonnia 2, retractilia, oculi 
simplices 2. Segmentum bnccale utrinque pedunculo pediformi in aper- 
tnram exeunte munitnm, os yentrale, circular e, ph a rjngis exsertilis 
breyit maxillae utrinque 2^ yerticales. Pedes breyes, crassi, conoidei 
4iuura basali, apicemyersus subtus ocreis subeomeis articulati, apice ipso 
multo angnstiore, nngolculos 2 gerente. Anus posticus. Apertura geni- 
tabs yentralis, proxime eum sita. 

P. empensis Gr. 

Snbbreris, supra fuscus, yerrucis minimis nigris et majoribus mbellis 
asperis, subtus colore cameo, linea mediana nigra interrupta, yerrucis solis 
minimit obteotus. Verrucae, cingula componentes magis quam in P. Ed- 
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wardsii confertae, majores altioresy conicae, asperrimae, apice spinulanoL 
ereetam ferente. Pedes ancinigeri utrinqae i7 Tel 18 rerrucosi, sabtus 
plerumqae cingulis 3 remicas majores gerentibus, apicem rersus ocreit 
latioribas 3, miQas circumscriptis mimiti. 

Longit. S9 mill., latit. 5,5 mill., crassit. 4 mill. 

Cap; Tom Ritter Ton Fraaenfeld unter Steineo der HUgel bei 
CoDstantia gefundeo. 

Der Yon Blainyille leider zn knrz beschriebene Peripatus brevis 
soil gleichfalU am Cap rorkommen, besitzt aber nur 14 Fasspaare. Die 
Zahl derselben schwaukt bei den Species, Ton denen man mehrere Exem- 
plare antersucht hat, nur urn eine £inheit and sebeint daher zvl den besten 
Artcharakteren £u gehOren. Angabe der Fftrbung nach dem Leben. 

Eimloe CuY. 

JB. ^ae0is Gr. 

Brerius rermiformis, graoilis, ex cameo grisea, leriter iricolor, 
segmentis fere 86. Lobus capitalis pone tentacola macolis minntis 5 
fuscioribus ornatus, fronte biloba, oculis rotnndis 2. Tentacula monili- 
formia, impar usqae ad segmeutam 4. patens, articulis fere 30, media 
paene eadem longit udine, externa brevia, articulis 11. Segmentum 
bnccale proxima 3 aequans*bianttUhim. .Clirri tentaculares eo paulo 
breriores, ut c. dorsuales pinnarum et ani articulati, illi articulis 9, 
hi articulis 6 vel 5, Maxillarum paria 9«|»Briora-4 cornea, 1. hami, 
leniter currati, 2. ei adjacens acie 7-crenata, 3. in semiorbis modum ar- 
euatum, subtiiius crenulatum (max. sinistra bipartfta), 4. minimum margine 
integro, par inferius (labium) calcareum acie 4-crenata. Pinnae setis 
capiUaribus et falcigeris teneris paucis munitae, falce longiuscula, apice 
leriter bidente, aciculae decolores, superiores 2 apice recto, inferior 
hamato; cirrus rentralis breris. Branchiae tenerae, pectiniformes, ad 
pinuam 5. incipientes, paene usque ad postremam patentes, radiis longis, 
apicem rersus hand ita decrescentibus, 1. radiis 3, longissima (12.) fere 
radiis 6 ad 11, usque ad medium dorsum pertinens, ceterae sensim minus 
compositae, posteriores fere a pinna 33. plerumque radiis 3, cirro dor- 
suali rix longiores; majores eum superantes. 

Longitude ad 67 millim., latitude maxima (pinnis exceptis) 3 millim. 

Taiti. 

Diese Art schlieest sich an Eunice JBaroMii an, ist aber dorehwegs 
carter und besitzt g^liederte Bttckencirren, wie sie bisher.wohl kaom 
beobacbtet sind. 
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i^ JPrmnenfeiM Gr. 

Brerias yermiforinid , satis fbrtis, ex flayido carnea laeie iricolor, 
segmentis plus 77. Lobus cap it a I is fronte biloba, oculis rotundis 2. 
Tentaeula apicem rersus articulis 3 rel 4 munita, media usque ad seg- 
mentum 3., externa noudum ad 2. pertmentia. Segmentum buccale 
biannulum, longitudine proximorum 3. Cirri tentacular es eo paulo 
brerioresut dorsuales piunarum baud articulati. Maxillarum par in* 
ferins (labiuml calcareum, margine anteriore rix crenulato. Pinna rum 
setae capillares tenerrimae ad f^-nas, scalpratae pectiniformes 
3-nae, falcigerae multo crassiores, ad 8-nas, aciculae nigrae, % superiores, 
2 inferiores. Branchiae ad pinnam 7. iucipientes, summum 3-files, cirrum 
dorsualem aequantes rel paululum longiores, anteriores t rel 4 et posteriores, 
(inde a 33.) ^^^^<^^- Cirri dorsuales scnsim longitudine decrescentes, an- 
teriores cirros tentaculares aequantes, cirri rentrales obtusi, breves, 
anteriores ex toris oralibus orieutes. 

Loogit. speciminis paulo mutilati fere 55 mill., latit. max. cum piunis 
5 mill., sine iis fere 3,7 mill. 

St. PauPs Insel; nur i Exemplar. 

E. Frauenfeldi schliesst sich an diejenigen Arten mit Fulilercirren 
an, welcbe sich durch die wenig entwickelten hOchstens 3- oder 4fadigen 
Kiemen auszeichnen, gewObnIich beginnen diese dann auch erst am 30. 
Ruder oder noch welter nach hinten, bei unserer Art aber tritt die ersto 
Kiemen schon ami 7. Ruder auf. Von den binteren Segmenten kOnnen wohl 
nur wenige fehlen. 

Lunbrioonereis Blainv. 

L. emrifl*mis Gr. 

Vermiformis, ex rubido carnea splendore coeruleo, segmentis plus 
52, pallidius margaritaceo cingulatis, latitudine auteriorum longitudinem 
3-plam, posteriorum, augustiorum, %-plam aequante. Lobus capitalis 
late ovalis, fronte subtruncata, supra ut subtus medio manifesto excaratus. 
Segmentum buccale biannulum, proximo paule longius. Pinnae V4 
latitndinis yentris aequantes labio posteriore digitiformi. Setae paucae, 
p. anteriorum capillares 3--nae, uncinatae 3-nae, posteriorum (inde a 28.), 
solae uoinatae 5-*sae ad 3-nas: illae leniter onryatae, anguste limbatae, 
limbo hand serrnlato, hae clayaeform^s , limbatae apice bidente. 

Longit. 33 mill, excedens, latit. (sine pinnis) i mill. 

Kalkbai am Cap. 

Das beschriebene Exemplar war nicht yollstandig, ein kleineres yon 
16 mill. L&nge zwar yollstandig, aber in der Reproduction des Hinter- 
endes begriffen. 
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Dr. Ed. Grobe: 



Nwels L., 8. Sir. Gay. 

IV. (Nereilepas') Stimpsonis Gr. 

Vermiformis, ex griseo nibida, segmeutis 93. Lobns capitalii 
longiiudine segmenti buccalis, ocali posteriores anterioribus neque ita 
mlnas disfcantes neque migores, tentacula fron^alia fere usque ad ar- 
ticulom lateralium %. pertineotia. Segmentum buccale proximo longioB : 
cirri tentaculares brerefl, iongissimiu usque ad segmentum 3. pertinens. 
Pharjagis exsertilis annulus anterior granis maxillaribns minoribus 
ornatus, lateralibus supra acerrulum oblongum, subtus eloogatum 
mi^jorem componentibus, grano singulo roiundo mijore illis inte^'ecto, 
annulus posterior supra granis 3 maximis, raide distentis, triangulum 
obtusangulum componentibus, altero minuto siag^o pone impar trianguli 
collocate, subtus ritta duplici fortium, plerumque alternantium armatus: 
maxillae iuscae yix tortae latae, minus aouminatae, crenulis aciei 6 obtusis. 
Pin^narum lingulae crassae, obtusae, media anteriorum superiore 
paulo minus, inferiore magis prominens, cirrus dorsualis plus dopla 
superioris longitudine: pinnae posteriores (fere a 46.) ab illis discre- 
pantes: lingula superior cum parte pinnae ac^acente sursum speotans, 
sensim latitudine et longitudine crescens,yexillum supra attenuatum referens, 
c e t e r a e digitiformes, cirrus dorsualis margin! superiori truncate affixus, 
sensim rexiilo breyior, semper distinguendus. Labium pharetrae in- 
ferior is lingula inferiore ubique paulo magis, cirrus rentraiis minus 
prominens; setae fuscae, falcigerae spinigeris multo fortiores. 

Longit. fere 93 mill., latit. anterior cum pinnis plus 8 mill., sine lis 
6 mill., latit. posterior cum pinuis 7 mill., sine lis 4 mill. 

Gap; 1 Exemplar. 

Eine genaue Vergleichuag mit Nettie mendam Stimps. w&re wiin- 
schenswertb*). Der Bescbreibung nach, in welcbe die Art und Weise der 
Riisselbewaffnung leider nicht aufgenommen ist, kann ich beide Arten 
nicht fUr identiscb halteo, da an den hinteren Rudern yon N. mendeus der 
Rilckencirrus yerschwinden soil und die Stirnfiibler iiber die seitlichen 
uoch etwas hinausreicben. 

A^. (JSs^onerMs) breeieirris Gr. 

Vermiformis, ex cameo fulyescens, segmentis fere 1151, anterio- 
ribus 10 yitta transyersa yiolacea intermpta omatis. Lobus oapitalis 
segmentis proximis t paulo longior, ut tentacula lateralia ftisco adspersus, 
t. frontal! a albida, articulo illorum basali paulo minns prominentia. 
Segmentum buccale yix longitudine prozimorum t^ subtus yiolaceo 



*} Stinpion DescripUonf oT lome ww muiw InTeriebnU. Proc. Ac. sat. iciAuc 1855. 
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mAculatam. Cirrorum ientaoul&riaM loagisBimai fere ad segmeatum 
11^ iongitndine proximus ad IS. peitinens. Pharynx exeertilis 
segmeuta anteriora 7 adaeqnans: an aulas anterior snpra acemilis 
graaMlomm maxillariuDi t granulisque siugnlis mediis t, nuo pone alternm 
poBiito, aubtug aoerrulit 3, medU transrersa, oTDalns: ananlns posterior 
supra serie simpliei granornm fortiomm e. 30, ante medinm sfta, et 3 
eiagttlM triaafaJi instar colloeatis posterioribus, snbtus serie dnplici, hk 
iliio triplioi ei qnintapUci arnatus, maxillae paene edentulae. Pinnae 
•eetionis aaterieris fere 43^ dorse panic gibbo: liugnlis snbparallelis, 
ex Tiolaceo grkeis pmncto ejuMleni colons ante cirrum dorsualem, altero 
pene, teriio ets eum, quarto cis cirnun yentralem uotatae, lingiriae paene 
aeque longae, conicae, duplo fere longiores qaan altae, media superiere 
paulo ninns, iaferiore magis, labium pharetrae inferioris cnmlingula 
inferiore aeque longe prominens. Pinnarum seetionis posterioris 
margo dorsualis et rentralis ad basin cirrorum lobulo circulari ornatus, 
lingulae divergentes, superiores longiores, anterioribus similes, inferior 
obtusior, lis minus prominens, media subtUA prope basin lobalo minimo 
instrurta, labium pharetrae inferioris ovale membrauaceum, baud ita 
extensum, lingula media minus prominens. Setae omnium pinnarum spi- 
nigerae et falcigerae, faloe elongata, cultrigerae nuUae. Cirrus dorsualis 
et rentralis lingulis suis breriores; cirri an i longiores, segmenta postrema 
fere 6 aequantes. 

Longit. fere 70 mill.,latit. max. cum pinnis 7 mill., sine iJs 4 mill. 

SU Pauls's Insel. 



Tylorrhynolms Gr. gen. 



nov. 



Corpus Nereidis speciem praebens: lobus capitslis, segmentum 
buccale, eculi, tentacula, cirri tentaculares cum Nereide con- 
grnentia, pharynx exsertilis similis maxillis uncinatis It sed pro granis 
maxillaribus callis rariae formae iostructa. Pinnae cirro dorsuali et yen- 
trali pharetrisque setarum 2, sed lingula 1 tantum munitae. Setae com- 
positae (spinigerae, falcigerae, cultrigerae). 

T. ehinensis Gr. 

Brerius rermiformis, medium versus pinnis satis dilatatus, colore 
eameoy segmentis 64, latitudine anteriorum 6-plam, posteriorum 4-plam 
loogitudinem aequante. Lobus capital is longitudine segmenti buccalis, 
ocnlis aeqnalibus, tentacula frontalia et lateralia aeque longe pro- 
minentia. Segmentum buccale aopra prnxime baud longius, subtus 
tnlcis longitudinalibus profundis distantibus exaratum. Pharynx exertilis 
breris, segmenta anteriora t aequans: calli anuuli anterioris yittam 
duplicem componentes, superiores paryi, aequales, rotundati, baud ita 
N. XTL Akkaui. 23 
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circunuoriptif iAferiorum medii aajores ordine triplici, oalli &. poster 
riorif avpra yittMn simpUcenii Bubtas daplioem compouentes, medit 
BMgnitudine insignea, rotundato triaagoli, luperiores eoruin in rhombi, 
iaferiorei in triauguli lati modum coliocati; maxillae Aiscae, perlaoeaiea 
laUe, minus cnryatae, croiiit obtusis 3, apiee obtiuo. Piauae fere alti- 
tadine corporiflp lingula angnste triangola, anterioresSS cirrum dorsnalem 
ia lobo aogiutiore, aeque ac liogiUa promiaenta, ferenies, oirro lobi lon- 
gitudine, oeterae m^jores lobo illo multo latiore, miniis sepoaito, usque 
ad setas superiores exteuao, illae more solito setis spinigeris et £alcigeris, 
hae &scionlis multo latioribus setisque solis ouitrigeris armatae. Cirrus 
dorsualis ubique aeque longe cum liagula rel paulo lougius, yeatralis 
miaus prominens. Cirri ani baud obserratL 

Longit. 56 mill., latii. max. cum piunis 7,5 mill.| siue lis 4 mill. 

Shaogai; nur eiu £xemplar. 

Olyoera Sav« 

GL nieohmriem Gr. 

Flarescens, subtus stria mediana alba latiore omata, segmeutis 
plus t24 biannulis, auuulo anteriore paulo incrassato, latitudine mediornm 
6-plam , postremorum (per se breriorum) 12-plam adaequaute. Lob us 
eapitalis longitudine segmentorum priorum B, subtus stria media ornatus, 
annulis fere i 3. Tentacula baud obserrata. Pinnae sub papilla corporis 
minuta subglobosa orientes, longiores quam altae, posteriora versus bumi- 
liores, longiores, fasciculis setarum 2-nis, utroque labiis 2 triangulis inter* 
jecto, anteriore multo major e aouto; cirrusrentralis acutus, pbaretram 
iuferiorem rare exoedeus. Branchia in latere pinnarum anteriore hie 
iilic obserrata, propius basin sita, plerumque digitiformis, fere usque ad 
basin lingularum pertinens. Setae superiores simplices, capillares, in- 
ferior es spinigerae. 

Lrongit. animalis mutilati ad 135 mill., latit. max. cum piunis 6 mill., 
sine lis 4 mill. 

Nicobaren; bloss 1 £xemplar. 

Aebnt am mebten Glyeera aI6a, die aber bei weitem weniger Seg^* 
mente bat, und deren Kieme anders gestaltet, lAnger und auf dem oberen 
Rande des Ruders befestigt ist. Gl. LaneadivoASzhm,*') aus dem indischen 
Ocean weicht abgeseben ron der sebr kurzen und, wie es scheint, eben- 
falls auf dem RQckenrande des Ruders sitzendeu Kieme dadorcb ab, dass 
sie nocb eine dritte Art Borsten besitzt. 

PtunniOOOlllul 6n gen. nov. 

Genus familiae Maldaniarum, Ammochari simillimum, sed membrana 
annuliformi laciu iata anteriore nulla. Corpus teuue yermiforme, segmentis 
*) Schmaraa flcue Turbellaritn, Rotalorien uod Autit^lldcn 11. pg. V6. 
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hand nnmerosis miniis distmotis, plus minos elongatis, utrinque fa«ciealog 
setanun oapillarium et rittas renirales mciiionim 'breTissimonun eonfer- 
tomm ferentibns. Lobus capital is cum segmento buccali coaiitas, paene 
tabiformis, subtus ftssus. 

A. mmHrmlis Gr. 

Breyius rermiformis, teauisBimasy segmeutifl 151 ad 17, anteriori- 
bua % et posterioribas 3 brerissimis , ceteris medium rersiu longitadine 
cresceDtibus, loagisaino 3-plo fere longiore quam lato. Lobus eapitalis 
corporis crasattadiae, tubnm brerem, subtus per longitadiaem Assam, re- 
fereas, froate troncata, marginibns flssarae panic incrassatis. Setae ca- 
jpillares tenerrimae, segmeutoram extremomm 3-nae ad i-aas, ceteromm 
6-4iae ad Id-aas; flasctoahis setarum 1. jam ad ftnem lobi eapitalis, postre- 
mas proximo anam poieas. Vittae ancinoram yeatrales tamidalae, 
atriaqae spatio saepe aagusiissimo separatae, sub faseicuHs setaram an^ 
ierioribas % et posterioribus 3 desideratae; aneiai breristimi, miero- 
seopao .taatam adhibito distiag^endi , ordine 7-plo rel 8-plo coaferti. 
jS^gmentum postremum, anam contineas, supra paalo longius, crena 
marginis dorsualis minuta bilobnm. 

Long^t. 10 ad i7 mill., latit. 0,5 mill. 

Tubus ab animali confectus eo multo longior, (25 ad 50 mill.), baud 
ita crassior, membranaceus, strate graanlorum sabuli plernmque sim- 
plici obductus, omnino flexilis, utrinque sensim attenuatus. 

St. Panics insel. 

Das yorliegende Conyolut dureheinaader geschlnngener Robren ist 
wabrscheiulich so auch gefunden. 

Die Gattuag Gljmenia Orsd., yon der wir leider Moss eineBe- 
jchreibnng *), keine Abbildung besitsen, und deren eiaiige Art GL te» 
jftuisssima nidit waiter oharakterisirt ist, sebeini unserem FsammocoUus 
sehr nahe zn steben, unterscbeidet sich aber dadurch, dass die Seg^ente 
aablreicb und deutlicb, der Kopftheil keulenfSSrmig, der Muud endst&ndig 
und das Hintereade plattgedrUckt sein soIL Die Borsten soUen wie bei 
Gljmene b^cbaffen sein. 



*) <yrfled de RgiMibai nsrinU W- T^- 
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Dr. Bd. Grnke: 



Terebella L., g. str. Sav, 

T. dasgeomms Gr. 

Brerias Term if or mis, aatiM iunida, paliide carnea, a eg meat is fere 
46, po8terioribus minuB breribus quam anterioribas. Tentacula tenuiai 
maxime sumeroca, ordiAe mnltiplici oooferta, longiora dimidia fere cor- 
poris longitudiue. Scuta rentralia 17, priora brerissima, cetera ita 
longitudine crescentia, latitudine deeresoentia, at It. jam quadratam sit. 
Segmeuta bramchigera 2 lobis lateralibas nuliis dilatata. Fasciculi 
se tar urn utrinque 21 ad %h^ in segmento 4 tori uaoinigeri in 0. in- 
oipieates, utriuque 16, ex transTerso latissimi, seuta yentraiia tangeates, a 
segmento 20. sensim decreseentes^ in pinaulas transeuntes, dimidio infe- 
riore onciuis libero, a 29. in pinnulas Teras mutaii, setis capillaribus de- 
sinentibus, plus dupla orassitudine distantes. Branchiae utrinqne % 
maxime later^eS| ramosae, ramis subcrassis, satis numerosis, anterior 
major, tentaculis occulta. Setae capillares tenerae, rectae, hand 
distiscte limbatae, uncini more solito 2-seriales, rostri apice simplioi. 

Longit. ad 37 mill., latit. max. 8 mill. 

St. Paulas Insel. 

Oliftdnete. 

Perlohaeta Schmarda. 

p. imiUtUU Gr. 

Longius yermiformis, utrinque sed posteriora rersus magis attenuata, 
segmenti8ferel209aaterioriba8(14-tumantecedentibQs)leniterdepre8sis 
aargiae Isterali subacute, ex griseo bruaneis, splendore laete riridi ^ latitu- 
dine longitudinem 3-piam aequante, ceteris teretibus paulo faccidis, palli- 
dieribus, splendore nullo, dimidio brerioribus; omnibus cingulo albido lineari 
uncinoa numerosas continente instructis. Lobus capitalis baud distinguen- 
d«s. S eg men turn buccale, ut 14. et 15. baud armata, haec colore 
fusciore hepatico quasi relutino insignia, pro clitellis babendaf nee tofo 
tumida. Aperturae genitalium masculorum 4, 2 inter segmentum 
7. et 8., 2 inter 8. et 9. subtus sitae, ruWae 2 sub segmento 17. Fori 
dorsuales, lineam mediam tenentes, inter segmentum 12. et 13. incipientes, 
per totam corporis longitudinem apparentes. Uiicini recti, apice tantum 
incurro, tenerrimi, cujusye annuli 60 yel plures, segmentorum extremorum 
fere 30. Anus bilabiatus. 
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LoDgit. fere 91 milL, lat. max. (ad segmeiitum 8.) fere 5 mill. 

Taiii; i Exemplar. 

Von den 4 Arten der Gattung Periehaetay die una Schmarda kennen 
g^ehrt hat, nnd die alle anf Cejlon Torkommen, scheint P. viridis *) der 
mnsrigen am nftehsten zn kommen: Gi&rtel and C^italoArangen hat Sdimarda 
bei derselben nicht beobaehten kOnneit) m dass es an diesea Ver^lei- 
ehimgspiiiikten fehlt, allein die fast deppelt so groue Zahl der Segmente 
bei einer Lftnge Ton 100 milL deutet anf ihre grOssere KArse* Die Oeai- 
taloiftanngen habe ieh, ohne aof-die Anatomie eingehea sa kOanen, Baek 
der Analogie mit Lumhrieut so beseiehnet, and bei der Angabe der Zahl 
der Giirtelsegmeiite, da hier die Grenzen rerwischt siad, dieselbe naeh 
der Vergleichang mit der L&nge der anstossenden anf 2 geschAtzt, doch 
sieht man aaf ihrem Rflcken nicht t sondem 3 Poren der Mittellinie. 

itsetplttn. 

Bmdo L. s. sir. 
#r« mmemi^^m Gr. 

Obtuse lanceolata, depressa, sab^granulosa, ex oliraeeo grisea, mar- 
giue maculis minntis nigris ^nadrangulis, altematim mode 1 modo t an- 
nolos praetermitteatibos omato, stria dorsi media eontinua subfusca* 
seriebos lateralibus atrinqne 1 rel % macularom minimarum yel striolarum 
fuseamm intermptis, rentre eoaeolore, annvlis oompletis 95. Discus 
posterior plus minus distinete radiatus, radiis albidis 8, mediis 4 sae^ 
pirns macula fusca utrinqae una separatis. Oculorum par postremum 
a 4-to annulis H, par 4. a 3*io annulo i distans. Aperturae genitales 
iater aouulum S4. et 15. et inter 29. at 30. sitae. 

Loagit. 53 mill., latit. max. 8, 5 mill., crassit. 5 mill., diam. disei 
posterioris 7 mill. 

Singapore. 

Bei jflngeren Tbieren ist die Zeichnung noch maunigfaltiger, indem 
der d ankle Mittelstrelf des Rftckens ron einem kettenartigen Muster eiu- 
gefasst wird, sich aueh jederseits daton eine dritte dunkle unterbrocbene 
Lftugslinie etnstellt. Diese Art erinnert zun&chst an Sanguisuga jara- 
nica Wahlb. **), die aber ausgeprftgt granuUrt ist und einen dunklen 
oder schwarzeu Bauchrand besitzt. 



•) Schmarda I. e. H. pgf. 8 Ub. XYI. Pig. 148. a. b. e. 
**) WaUbsff Orvvn^t af Kotf I. VeteMkapt-AkadaaiMi PMundHsgar. 1888, pf . 188. 
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Or. Bd. Grate: 



H. sepiemuirimim Gr. 

£x oiiTMeo j^ea depress^ laeris, dorto yilbtU longitudinaliboA fii«-> 
oioriUaftTornatftiinedia ceteris aequ« distaatibus latiore, a proxlmit paulo 
loBgiun dUtanto, externit marginem tangeBtlbus, Teaire coDc«Iore^ aanu* 
lis completis fare 93^ 5-te qaeque serie transrersa papUlaram niuiitarum 
6 munitow Diseus posterior radiis ^bidis 5 striatus^ Oculi et aperturae 
geoitales cum H. maculoBa congruentes. 

Longit. 13 mill., latit. 3, 6 mill., diam. disci posterloris t mill. 

Cap. 

H. iimbmim Gr. 

Terrestris, subteres, aateriora rersts sensim atienaata, ex fusco 
yiridis margine lateral! ipso striisqtie dorsi postremi lougitadinalibas t 
pallid is, an nu lis completis 89 paulo crenaii#, 5-to quoque mediorum et 
posteriomm serie transrersa papillarum (4 yel) 6 dorsuali ornato. Ocalo- 
rum paria 5, postremam a 4H4 #fto«Ais.-^ hoc a 3-io, at anterioribas, 
annulo nuUo separatis. Discus posterior subtiliter granulatus, a cor* 
pore minus sejunctus, margine libero angusto. Aperturae genitaiinm 
inter annulum 24. et 25. et inter 31. et 32. sitae I^obus capitaHs hand 
ita productus. 

Longit. 30 mill., latit. max. L milL» crassijt, vix minor, diam. disci 
posterioris 4, 7 milL 

Sidney. Bei einem der £xemplare, welehes noch gr^isser ist nnd 
sich gans roll gesogen hat, erscheint die OberiHLche d«s KOrpers nicbt 
kOmig-gefnrcht, sondem glatt. Die Grundfarbe ist nach der Angabe des 
Ritters ron Frauenfeld duster bouteiUengrilu, im Weingeist hat sich 
der griine Ton rerloren. 

Nach der Mittbeilung des Ritters ron Frauenfeld ist diese Art, 
die ich friiher bereits auch yon Herrn Godeffroy erhalten habe, ein 
LandblutegeL . £s ist n^ir sehr wahrscheinJich , dass diese durch ihre Le- 
bensweise so auffallenden Thiere eine auch an iiusseren KOrpermerkmalen 
erkennbare Gruppe biiden, mag man sie nun als Untergattung zu Birv^do 
stellen oder «u einer eigenen Gattuug erhebea (ChtonobdeUa). 

Die hier yorliegende Species hat mit der yon Schmarda beschrie- 
benen IRrudo eeylanica das gemein, dass die 4 yorderen Angenpaare in 
einem uuunterbrocbenen Bogen stehen, wlUireud bei den Hirndines des 
siissen Wassers das 4. yom 3. duroh einen KOrperring getreant ist, ebenso 
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finde ich die Ausd^lmbarkeit dea Korpers in Folge retchlicher Blutauf- 
nahme ausserordentlieli, wenn ich gleich keine Exemplare im Totlkommea 
-nuchternen Zustande vor mir habe, in welohem die H. eeyla/niea au8ge<* 
streckt fadendann sein soil. ZtiHftchst aber wftre daraof zu aobten, ob 
sich dort die Lage der GeuitalOffnungen so wie bei H, limbcfta und ab<- 
weichend ron den Hirudines des siissen Wassers rerh&lt. Die £ad8cheibe 
erscheint mir anch auf den ron Sehmarda gegebenen Figmren Ton H, eey^ 
lanica nicht so breitraudig als bei den eigentlichen Hirudines. 



Nephelii Sav. 

X. qumdriiinemim 6r. 

£x flayido cinerea margine angnste pallidiore, striis dorsi longitu- 
dinal ibus 4 aeque distantibus, inter yallis dupla fere striarum latitudine, 
subtus pallide grisea concolor, annulis completis fere 99. 

Longit. 35 mill., lat. max. 4, 8 mill., crassit. % mill., diam. disci po- 
sterioris % mill. 



Kamicobar. 



DeidreMela. 



BipaUtun Stimps. 

Sphjrocephalus Sehmarda — Bunlopea P. Wright cf. Diesing 
Beris. der Turbeliar. 1862, pg. 513. 

Genus Flanariarum terrestrium. 

B. mnMilaium Gr. 

Brerius vermiforme sub-depressum, parte capitali latissima, paene 
semicirculari anchorae speciem referens, ex riolascente brunneo griseum, 
limbo partis capitalis froutali albo, vitta yentris longitudinali latiore alba, 
lineam ochraceam contiueDte, limbum frontalem baud attingente. Os yen- 
trale, paulo pone medium situm. Pharynx exsertilis patellaeformis. 

Longit. fere 37 milL, latit. 4 mill., longit partis capitalis 2, 5 mill., 
latit. ejus 5, 5 mill. 

Madras. Bloss 1 Exemplar. 
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184 Dr. Ed. Grube: B«icbre|baiif» iieiier Aaaielideo imd elaer ociieB Uviplauris. 

Up»er« Art i^hot in 4fr G«stok 4m KOrpers ftm meisten Dunlop4a 
Grayia P. Wright ana Chio», di« aber «iii« duokle BaiiGhbiii<U uii4 
ainen duAkUii StifJirand itikg^ beide ball n&d swar linear- gesaamt *)• 
Aeugeldhen ttiud aa Enaerem Weingei«taz«mplar iiidit sa erkeanan, ebea* 
sowenig eine GenitalOftiuAg* 



*) PcreinI WiSght Aul «f oat hiat VL 8tr. Vol. VI. pf. «k 
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THE ORIGIN OF THE MESOBLAST-BANDS IN 
ANNELIDS. 

EDMUND B. WILSON. 
I. 

Since the publication of Salensky's memoirs on the formation 
of the germ-layers in various Polychaeta {Psygmobranchus, 
Nereis^ Pileolaria^ Terebella^ AriciaY it has been generally 
accepted that the mesoblast-bands (''secondary mesoblast") 
of annelids arise in some cases by direct proliferation from 
the ventral ectoblast, and often without the agency of pole-cells, 
or teloblasts ("primary mesoblasts, or pro-mesoblasts "). "Par- 
tout," he says, " oA j*ai r^ussi k observer les jeunes stades de 
revolution du m6soderme somatique, ce feuillet, k son d6but, 
consistait en un 6paississement ectodermique qui, sous forme de 
deux bandelettes, r^gne suivant Taxe longitudinal du corps ; ce 
n'est que dans le cours du d^veloppement qu'il se s6pare de 
Tectoderme/'^ This result was in harmony with Kleinenberg's 
earlier studies upon Lufnbricus\^ it received, apparently, a com- 
plete confirmation through the same author's splendid study of 
LopadorhynchuSy^ a work that seemed at the time to place the 
ectoblastic origin of the entire mesoblast in a number of the 
marine annelids beyond the possibility of doubt. 

Yet this conclusion in one sense only served to render the 
general subject of mesoblast-formation in annelids less intel- 
ligible than ever. It had been demonstrated by Kowalevsky,* 
Hatschek,^ and Whitman,*^ that in some cases the mesoblast 
first appears in the form of a pair of large cells (telobfests), by 

1 Arch, de Biol,, III., IV., VI. 

« Arch, de Biol, VI., p. 6l8. 

» Quart Jour. Mic. Set,, XIX., 1879. 

* Zeitsch./. Tviss, ZooL, XLIV., 1886. 

» Mem, Acad. Imp. St. Petersburg, XVI., 1871. 

• Arb, Zool, Inst. Wien., I., 1878. 

7 Quart, Jour. Mic, Set., XVIII., 1878. 
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the proliferation of which the paired mesoblastic bands are pro- 
duced. The teloblasts are often differentiated at a very early 
period, — sometimes even prior to the gastnilation, — arising 
near the region corresponding to the posterior lip of the blasto- 
pore. In no case do they arise from the ectoblast ; in some 
cases they seem to arise from, or at least to be closely associated 
with, the cells of the archenteron. In still another class of cases 
the mesoblast appears to arise neither by delamination from 
the ectoblast, nor from teloblasts, but from a central mass of 
" mes-entoblast," the lateral portions of which give rise to the 
mesoblast-bands, and the central portion to the entoblast. This 
would seem to be the case, for instance, in the development of 
Enchytmoides as described by Roule ; ^ and it is apparently the 
case also in Spirorbis^ according to the investigations of my 
former pupil. Miss H. Randolph, whose preparations I have 
carefully examined.' 

How are these various modes of mesoblast-formation to be 
reconciled.^ It is impossible to doubt the homology of the mes- 
oblastic bands in Polygordius^ Eupomatus^ Lutnbricus^ Clepsine, 
Lopadorhynchus, and Enchytmoides — a series that includes rep- 
resentatives of the three modes of mesoblast-formation I have 
mentioned. It must, therefore, be possible to reduce these 
modes of development to a common type, and it is a remarkable 
illustration of the elementary state of our knowledge of annelid 
development that no one, as far as I am aware, has made even 
a suggestion as to how this is to be done. The only exception 
known to me is an hypothesis put forward in my recent paper 

1 Ann. d. Set, Nat,^ VII., 1889. 

' Gotte has described the mesoblast of Spirorhis nauHioides as arising from a pair 
of large teloblasts, derived from the archenteron. This, however, is certainly a 
blunder. As Salensky has suggested, and Miss Randolph has conclusively proved,, 
the rounded body, mistaken by Gotte for a pair of primary mesoblasts, is simply the 
rounded, hollow posterior part of the raesenteron. The mesoblast first appears in 
the form of two lateral masses which join each other posteriorly, and in some cases, 
seem to fuse with the walls of the mesenteron. Salensky describes these masses 
as delaminating from the ectoblast in PiUolaria^ a form nearly related to Spirorbis, 
In the latter form, however, the mesoblast-cells are quite distinct from the ectoblast 
from the earliest period at which they are distinguishable, while they are so intimately 
related with the entoblast, as to form with it, apparently, a common mass of mes- 
entoblast, as in Enchytraoides. Miss Randolph's researches are, however, still 
incomplete, and a more thorough study of the earlier stages may lead to a different 
interpretation. 
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on Lumbricus^ — a somewhat unsatisfactory suggestion, which, 
however, had the merit of emphasizing the importance of a care- 
ful study of the relations between the germ-bands and the blas- 
topore in the Polychaeta. During the past two years I have 
investigated several forms, with this end in view, in the hope of 
finding facts that might bring into some relation the teloblastic 
origin of the mesoblast (represented by CUpsiney etc.) and the 
delaminate mode of origin (Lopadorkynchus), but until recently 
the puzzle remained as great as ever. During the past summer, 
however, I was fortunate enough, through the kindness of Dr. 
E. A. Andrews, to procure very abundant material for the study 
of the early stages of two species of Nereis {N. limbata^ Ehlers, 
and N, megalopSy Verrill), and the facts thus brought to light 
point the way, as I believe, to a solution of the problem. The 
interest of the results depends largely upon the completeness 
with which the early stages can be followed in detail ; and this 
in turn is owing to the extraordinarily favorable character of the 
eggs for observation. They are transparent, of comparatively 
large size, and they may be procured in abundance. The four 
primary entoblast cells (which are the remnants of the four 
macromeres of the typical eight-cell stage) remain undivided 
until a very late stage; i>. until the trochophore form is at- 
tained and the eyes and mouth have appeared. Thus the axes 
of the embryo may be located with the greatest precision 
throughout the entire process of cleavage and gastrulation ; and 
the certainty of the orientation is increased by the following 
circumstance. The transparent macromeres contain large oil- 
drops, which run together during the development, until, in the 
great majority of cases, only four are left (one in each macro- 
mere), viz. : a pair of smaller and a pair of larger drops, in corre- 
spondence with the size of the macromeres in which they are 
respectively contained. The smaller pair mark the anterior ex- 
tremity, the larger the posterior, and they are bilaterally ar- 
ranged on either side the middle line iff. Fig. 6). There are 
other advantages, equally great, that facilitate the precise study 
of the early stages, but these will be described hereafter. 

Aided by these favorable conditions, I have been able to 
trace the origin of the mesoblast-bands from the beginning of 
development. As in Lopadorhynchus and similar types, the 

1 Jour, Morphology, III., 1889. 
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trochophore seems to consist at first of two layers only. The 
mesoblast, like the neural foundations and those of the seta-sacs, 
arises directly from a thickened bilobed ventral plate; f>. it 
seems to arise from the ectoblast. But a further examination 
of the matter gives it a different aspect. The cells of the ven- 
tral plate differ markedly from the remaining cells of the outer 
layer. They are larger, differently granulated, and upon treat- 
ment with certain reagents (combinations of acetic acid, etc.), 
assume a brownish color that differentiates them very sharply 
from those of the upper pole. This renders it possible to trace 

II 




II 

Fta I. — Eight-cell stage of Nereis viewed from the upper pole. I.-I., the first 
cleavage-plane; II.-II., the second; A^ B, C, D, the four macromeres; a, ^, c^ d^ the 
corresponding micromeres.^ 

their origin, cell by cell, from the beginning of development, 
and this origin is such as to show that the mesoblast is com- 
pletely segregated in the anterior part of the plate, while the 
posterior part alone gives rise to ectoblastic structures (neural 
plates, seta-sacs). Moreover, each of the two divisions of the 
ventral plate may be traced back to a single cell {pro-teloblast)^ 
which is obviously homologous to a corresponding cell in the early 
embryo of Clepsine. A detailed account of the cleavage will be 
given in a forthcoming paper, but the following synopsis will 
suffice for the present purpose. 

^ All of the cuts are from camera drawings, and are not schematized in outline, 
though slightly simplified. 
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I have followed the cleavage process many times and find it 
to be extremely constant, the variations being so insignificant 
as to have no effect on its general character. The first cleavage 
divides the ovum into a larger {AB) and a smaller {CD) segment ; 
the second divides CD into equal parts, C and D^ and AB into 
unequal parts, of which A is the largest of the four, and B is 
intermediate in size between it and the two smaller segments, 
C and Z7. The third or equatorial cleavage separates four 
micromeres (a, b^ c, d) at the upper pole from four macromeres 
{A, B^ C A respectively, Fig. i). The later development shows 




U 

FlG. 2. — View from the upper pole of the sixteen-cell itage of Nereis, X^ the 
fint pro-tdoblast which has been separated from A, 

that the second cleavage-plane (II.-II.) corresponds precisely to 
the future median vertical plane of the adult body ; C and D are 
the anterior macromeres ; A and B^ the posterior. The embryo 
is, therefore, not bilaterally symmetrical, from any point of view. 
Bilateral symmetry is, however, soon to be established. 

At the fourth cleavage (Fig. 2) the four micromeres divide, 
not quite equally, and three new micromeres are formed from 
iff, C, and Z?, respectively. A^ at the same time, separates off 
a large characteristically granulated cell (X)^ which I shall call 
the first pro-teloblast. The regularity of the cleavage now 
ceases. A little later A again divides, separating oflf a second 
cell (K), somewhat smaller than Jf, but with a similar granu- 
lation of the protoplasm. This I shall call the second pro- 
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teloblast. It lies between A and X^ anterior, ventral, and 
somewhat to the left hand of the latter (Fig. 3). A is now 
approximately of the same size as B^ and the embryo is bilater- 
ally symmetrical, though not absolutely so, since both the pro- 
teloblasts are slightly displaced to the left, K somewhat more 
so than X, 

The gastrulation is strictly epibolic, the posterior lip of the 
blastopore is formed by the progeny of K, the second pro- 

n 




u 

FtG. 3. — View of a later stage from the lower pole, showing the two pro-telobUats, 
X and K, the four macromeres, and the edge of the cap of micromeres. 

teloblast, and the stomodaeum is developed from the micromeres 
that close in the blastopore. 

The principal interest of the development, from our present 
point of view, centres in the fate of the pro-teloblasts. From 
these two cells the entire ventral plate arises^ its anterior cells 
from V, its posterior cells from X. From Y arise the mesoblast- 
bands y from X the neural plates ^ the seta-sacs ^ and other structures 
still undetermined. Y first divides into two equal cells (the 
primary mesoblasts), and X soon does the same, first, however, 
invariably separating two smaller cells (Fig. 4). The bilateral 
symmetry of the embryo is now conspicuous, though the slight 
displacement of the teloblasts to the left still remains. Each of 
the primary mesoblasts now separates oflf a somewhat smaller 
cell at its outer side, thus forming a transverse series of four 
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cells which lie at the surface and form the posterior lip of the 
blastopore. Each of the X'% now separates o£E a smaller cell 




Fia 4. — View corresponding to that given in Fig. 3, after the diyision of the pro- 
teloblaita. K, K» the primary mesoblasts; X^ X^ the two primary posterior teloblaata. 

in front, then a small cell at its outer side, and finally divides 
longitudinally into two equal parts. At this period (Fig. 5) the 




II 

Fia 5. — View from the ventral side of a still later Nereis embryo. The ventral 
plate consists of fourteen cells (two small lateral cells are not shown). Bp^ the blas- 
topore; /V, micromeres from which the prototroch is almost immediately afterwards 
developed. 
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ventral plate consists of twelve principal cells, arranged in two 
longitudinal rows of three each on each side of the median line. 
Anteriorly are the two primary mesoblasts with their first-formed 
derivatives (K-K) ; posteriorly are four teloblasts (Jf-Jf), and 
four smaller cells derived from them, as shown in the figure. 

In the next stage the four smaller Jf's divide obliquely, while 
four smaller cells are produced anteriorly from the four larger 
^'s. The four K's are now rapidly pushed into the interior, 
being overgrown by the progeny of JT, which advance upon them 
from behind (Fig. 6), and by the micromeres advancing from the 




Fig. 6. — View of a still later stage in optical lungitudinal section from the right- 
band side. I. -I., the first cleavage-plane; Ec^ the ectoblast derived from the micro- 
meres; /V, the prototroch; OA the oil-globules; K, primary mesoblast in process 
of pushing in; X-X^ progeny of the first pro-teloblast The blastopore, which was 
situated just anterior to K, has been closed in by the micromeres. 

sides and in front. As they are pushed in, the smaller K's 
divide, and a second pair of smaller cells are separated from the 
two large K's (primary mesoblasts), which are now scarcely larger 
than the cells to which they have given rise, or than the super- 
ficial cells (descendants of X) among which they are imbedded. 
After the next division the teloblasts become indistinguishable, 
and the mesoblast-bands seem to fuse with the ventral plate ; 
so that an examination of the embryo at this period, without 
a knowledge of its earlier history, would certainly lead to the 
conclusion that the mesoblast-bands arise by proliferation from 
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the ventral ectoblast, as Salensky describes it. From their 
point of origin the bands, each now represented by a group 
of six or seven cells, extend upwards between the outer layer 
and the four entoblast-cells, along the line of contact of the 
two anterior cells (C, D) and the two posterior {A, B), Their 
later history will be described elsewhere. 

Let us now return to the progeny of X. Increasing rapidly 
in number, both by their own divisions and by the addition of 
cells formed from the four posterior teloblasts, they give rise 
to a broad, bilobed plate, consisting throughout of a single layer 
of granular cells, and occupying the greater part of the lower 
half of the embryo. The prototroch is developed from a series 
of micromeres, at first single, that encircles the equatorial belt 
of the embryo, and lies immediately behind the four posterior 
teloblasts. The latter persist for a considerable period, but 
ultimately disappear. The two outer ones first break up into 
smaller cells, and as this takes place, the remaining two separate 
from each other along the median line. Thus the ventral plate 
becomes bilobed behind, with a V-shaped area between the two 
lobes, and a single teloblast at the tip of each. This teloblast 
remains until each half of the ventral plate contains fifty or 
more cells, still lying quite at the surface. Ultimately it dis> 
appears, and the proctodaeum is formed in the anterior part 
of the V-shaped area. At a still later period the ventral plate 
thickens, becoming several layers deep on each side the median 
line, and gives rise to the neural plates and the seta-sacs. Its 
relation to the nephridia and the circular muscles is still under 
investigation. 

Let us now compare these facts with the development of 
CUpsine and Lopadorhynchus, In Clepsine the large posterior 
macromere first separates o£f a single micromere (as in Nereis), 
and then divides into two large cells. The upper right-hand 
cell (" neuro-nephroblast " of Whitman) has precisely the same 
relation to the rest of the embryo as the first pro-teloblast, X, 
of Nereis, In CUpsine this cell breaks up into eight teloblasts, 
viz. (still using Whitman's terminology) : two neuroblasts, four 
nephroblasts, and two lateral teloblasts ; and these give rise to 
all the structures of the ventral body-wall excepting those aris- 
ing from the mesoblast-bands ; i,e, the neural foundations, a part 
of the nephridia, some of the ventral ectoblast (probably), and 
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perhaps to other structures.^ In Nereis the corresponding cell 
breaks up into four instead of eight teloblasts, which give rise 
likewise to those parts of the ventral body-wall not derived from 
the mesoblast-bands ; i.e. the neural plates, the ventral ecto- 
blast, the seta-sacs, and probably other structures (for the pres- 
ent I leave the nephridia and the circular muscles out of consid- 
eration). The foregoing considerations render it practically cer- 
tain that the first pro4eloblast of Nereis (X) is the homologue of 
the " neuro^nephroblast ** of Clepsine. In Clepsine the second and 
larger cell produced by the division of the large posterior ma- 
cromere (which I shall call the common primary mesoblast) 
divides into equal parts, which become the primary mesoblasts, 
and give rise to the mesoblast-bands, in the usual manner. The 
second prO'teloblast (K) of Nereis is therefore the homologue of the 
common primary mesoblast of Clepsine, It therefore appears 
that Clepsine and Nereis agree in every essential feature of de- 
velopment. They differ only in secondary details, — in the ulti- 
mate number and arrangement of the teloblasts, and in the fact 
that they and their products are at first superficial and form a 
part of the outer layer, — falsely called the ectoblast. It is in- 
teresting to recall in this connection the fact that in Lumbricus 
eight of the ten teloblasts likewise remain for a long time at the 
surface. 

Turning now to Lopcutorhynchus^ we find here also a bilobed 
ventral plate, as in Nereis^ but no teloblasts, in the earliest stages 
thus far observed. From it arise, as in Nereis^ the mesoblast- 
bands, the neural plates, and the seta-sacs ; and I think the ven- 
tral plate must be regarded as completely homologous in the 
two forms. They diflfer only in the earlier segregation and dif- 
ferentiation of the mesoblastic material in Nereis which leads to 
the formation of a pair of transitory teloblasts, which, however, 
form part of the ventral plate. Meyer makes the interesting 
statement in a recent paper ^ that he has satisfied himself that 
the neural elements and the mesoblast-bands do not arise in 
Lopadorhynchus from a common foundation, but from "Zwei 
verschiedene, nur dicht zusammengedrangte Bildungsheerde." 

1 Beigh awertt that the lateral teloblasts and the ncphroblasts give rise, in LMm- 
dricus, to circular muscles, and are therefore myoblasts. I shall retnm to this question 
in a later paper. 

> Biol Ctntralilatt^ I Juli, iS9a 
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This is precisely what occurs in Nereis. The term " ectoblast " 
as applied to the ventral plate as a whole is, however, a misno- 
mer. Its cells form rather a still undifferentiated tissue which 
is nowise to be regarded in the same light as the ectoblast of 
the upper pole. 

II. 

It now becomes an interesting question whether the second- 
ary mesoblast of annelids can be shown in all cases to arise 
from a single pair of teloblasts ; for the case of Nereis shows 
that they may be present only in very early stages, so as easily 
to be overlooked. The entire subject demands re-investigation 
from this point of view. I have carefully studied the develop- 
ment of Hydroides dianthus (a form nearly allied to Eupomatui)^ 
by following the cleavage of the living ovum, by examination of 
stained and cleared embryos, and by actual sections. The 
cleavage is in every detail identical with that of Eupomahis^ the 
gastrulation takes place in essentially the same manner, and the 
trochophore is of quite the same type. Yet I have been unable 
to identify the teloblasts at any period. They are certainly not 
present at a stage when the mesoblast-bands consist of not more 
than five or six cells each iff, Hatschek's Figs. 43 to 46).^ At 
this period each band ends posteriorly in a group of about three 
cells, two of which, not perceptibly krger than the others, are 
joined by a narrow bridge of protoplasm stretching across in the 
angle between the proctodaeum and the wall of the anal vesicle. 
The head-kidney lies outside the mesoblast-band, and is only 
connected with it at its anterior end.^ 

In its earliest recognizable condition iff. Hatschek's Fig. 33) 
the mesoblast-band consists of a group of three or four cells 

1 Arb. a. d. Zool. Inst Wien., VI., iSSS- 

^ I luive been able, by the study of these embryos, to establish the interesting fact 
that the head-kidney opens posteriorly into the proctodseum. Under a high power 
(Zeiss Apochromatic Homogeneous, 3 mm.) the canal can easily be followed firom 
its beginning near the front end of the organ, along the outer dorsal border of the 
latter, into the antero-lateral part of the proctodaeum. This can be done most 
readily during the activity of the cilia (which is intermittent) ; but the canal can 
easily be followed in the quiescent state, in both the side and ventral views of the 
larva. This fact seems to remove all doubt of the homology of the trochophoran 
head-kidney with the nephridia of the Rotifera. I shall return to this point at 
another time. 
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wedged into the angle between the posterior part of the archen- 
teron and the ectoblast : no one of them can be identified as the 
teloblast. Besides this '' secondary mesoblast " there are at this 
period a number of scattered cells, lying in the narrow cleavage- 
space. Some of these are applied to the ectoblast, some to the 
entoblast, where they form a contractile network surrounding 
the archenteron ; some stretch across the cleavage-cavity. These 
cells obviously represent a part of the " primary mesoblast " or 
" mesenchyme," the relation of which to the secondary meso- 
blast of the germ-bands has become one of the most interesting 
questions of annelid embryology. My observations on Hydroides 
indicate that the primary mesoblast arises in a manner similar 
to the process in Polygordius^ as described by Repiachoff^ 
and Metschnikoff,' though I am not yet able to give decisive 
evidence, in spite of repeated examination of the question. 
According to these authors the primary mesoblast arises in the 
form of isolated cells that take their origin " h5chst wahrschein* 
lich," in the entoblast, at or just before the time of gastrulation. 
Metschnikoff makes no special mention of the formation of the 
secondary mesoblast-bands ; but his general account implies, 
and his figures bear out this interpretation as far as they go, 
that there is no real distinction between the primary and sec- 
ondary mesoblast, the latter arising in exactly the same manner 
as the former. For the present I am obliged to believe that 
the primary and secondary mesoblast have the same relation 
in Hydroides, The mesenchyme cells are of all shapes, — 
branching, elongate, rounded, — and appear to graduate both 
in form and in position into those of the germ-bands. The 
latter appear about the time of gastrulation, as two bilateral 
masses of cells that are pushed into the cleavage-cavity near 
the blastopore. Some of these cells appear to pass forwards 
and gfive rise to the " mesenchyme " ; the remainder form the 
" secondary " mesoblast-bands, which at first are posteriorly at 
the sides of the proctodeum, but afterwards come into con- 
nection by a bridge that is developed on the ventral (anterior) 
side of that structure. 

Through the courtesy of Mr. Agassiz I have had an oppor- 
tunity to investigate Polygordius, the larvae of which are very 

1 ZooL Atuuiger, 1881. 

« Z./ fT. ZooL, XXXVII., 1S82. 
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abundant at Newport. In the very large series of larvae in my 
possession all stages are represented from the adult condition ^ 
down to the youngest described by Hatschek and Fraipont. 
The species is closely similar to P. neapolitanum as described 
by Fraipont. An examination of the mesoblast-bands in these 
larvae showed, to my extreme surprise, that no teloblasts of any 
kind are present^ even in the youngest stages. The mesoblast- 
bands end behind, as in Hydroides^ in a group of two or three 
cells, which are somewhat larger than those in front, it is true, 
but have none of the characteristics of teloblasts. Only in a 
single case have I found at the tip of the band a cell distinctly 
larger than the others, and this was on one side only. Is this 
absence of the pole-cells peculiar to the American species of 
Polygordius t Possibly ; yet there is a fact that forces me to 
suspect the possibility of error on the part of Hatschek and 
Fraipont, improbable as such a suspicion may appear. If the 
germ-bands of a young larva be viewed en face from the ventral 
side in suitably prepared specimens, a very clear picture of the 
germ-bands will be seen, closely similar to that represented 
in Hatschek's Fig. 57. At the tip of each germ-band is a large, 
rounded, clear cell, meeting its fellow in the median line just 
in front of the anus, and to all appearances a " primary meso- 
blast." For such I at first mistook these cells, but, to my great 
surprise, sections in the various planes all agreed in showing 
that they formed part of the ectoblast, lay at the surface of the 
body, and had no connection whatever with the mesoblast- 
bands, though the latter end just below them. These cells 
are clear, vacuolated, with minute nuclei, and are undoubtedly 
homologous with the anal vesicles or anal glands of other 
annelid trochophores ; though as far as I am aware they are 
here described for the first time. They have no connection 
with the paratroch. 

1 I have repeatedly observed the sudden metamorphosis of the last larval stage into 
the adult, which has been briefly mentioned by Kleinenberg. The cells of both the 
prototroch and paratroch are suddenly thrown ofT, and continue to swim for some 
time after their complete separation from the body of the young worm. The proto- 
trochal cells are often thrown off, over the head, in the form of a girdle, which in 
some cases — I have observed it at least four or five times — is swallowed and 
digested by the animal. This recalls the curious habit of Actinotrocha, which at its 
metamorphosis throws off and swallows the greater part of the prae-oral lobe (Cald- 
well). This metamorphosis certainly throws an interesting light on the origin 
of such a mode of development as that of Pilidium. 
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I hesitate to suggest that two such experienced observers as 
Hatschek and Fraipont can have fallen into error on this point, 
yet it is a singular fact that neither of them figures or refers to 
the conspicuous prae-anal gland-cells, while both describe a large 
mesoblast-cell in exactly the same position, but lying below the 
surface. Each gives a single figure of the "primary mesoblasts '* 
in cross-section, lying in the cleavage-cavity. But Hatschek 
g^ves also, in the same series of figures, exceedingly definite 
representations of "die f^talen Langskanalen," which, as Meyer 
and Fraipont have shown, and as I have convinced myself from 
the study of many series of sections, have no existence in 
nature. Fraipont's figure is scarcely more satisfactory. The 
minute nuclei and clear protoplasm of his figure have no resem- 
blance to the large, conspicuous nuclei and granular protoplasm 
of teloblasts ; they at once suggest the small nuclei and vacu- 
olated cell-body of the "anal gland-cells.'/ A closely similar 
view might easily be had of a rather thick, slightly oblique 
section, the "gland-cells" being tangentially cut, and appearing 
to lie inside the ectoblast on account of the sharp curvature of 
the surface where they lie. And in view of these facts I venture 
to suggest the desirability of a re-examination of the mesoblast- 
bands in the European species of Polygordius, 

The non-existence of the teloblasts in later stages, which is 
apparently the rule among the Polychaeta and (?) Archiannelids, 
by no means, however, affords any presumption that they are 
not present in earlier stages. The case of Nereis shows that 
it will not be safe to assume the absence of teloblasts without 
following the development, cell by cell, from the very beginning, 
and that wherever it is possible to make such a detailed study, 
we may pretty confidently expect to find teloblasts. There is, 
I believe, every reason to believe that in HydroideSy for example, 
the two groups of mesoblast-cells take origin in two cells, though 
they may appear at so early a period and differ so little in 
appearance from the adjacent cells as to elude any but the most 
searching examination. And it does not seem very rash to 
predict that the secondary mesoblast-bands, even of Lopad^ 
rhynchus, will yet be shown to arise by teloblastic development. 

Marine Biological Laboratory, Wood's Holl, Mass., 
September, 1890. 
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While the foregoing article was in process of publication I received R. S. 
Bergh^s full paper on the germ-bands of Lumbricus \Zeitschr. /. wiss, Zool., 
L. 3, 1890]. This admirable work contains a complete confirmation of my 
•^discovery of the teloblasts and cell-rows of the middle stratum of the germ« 
bands in Oligochaeta — a confirmation which has especial significance on 
•account of the curiously exaggerated and, to me, quite inexplicable, hostility 
with which its author saw fit to receive the original announcement of that 
discovery. Dr. Bergh^s paper, as a matter of course, exhibits in some degree 
the well-known and characteristic skill of its author in belittling the work of 
-other investigators, but I observe with interest many signs of progress, both 
in knowledge of the germ-bands and in acquaintance with the usual forms of 
courtesy in scientific discussion. The author, for instance, no longer seeks to 
discredit my work by innuendoes directed against my scientific good fidth ; 
indeed, the existence of the teloblasts and cell-rows has even become " sehr 
leicht zu konstatiren ^^ — an evidence of progress on which I congratulate 
my learned and courteous critic. It is not improbable that Dr. Bergh may 
in time be able to observe with equal ease the teloblasts and other structures 
I have described in Nereis. 

Apart from the development of the glandular portions of the nephridia, my 
general account of the structure, mode of growth, and relations of the various 
parts of the germ-bands in Lumbricus is confirmed in every respect He 
•adds, however, the very interesting discovery that the products of the neuro- 
blasts are reinforced by a median nerve-plexus that is taken up into the 
ventral nerve-chain between the two neural cords. His account of the 
'*nephroblasts** and ''lateral teloblasts ^Miffers entirely from that given by 
Whitman and myself. Their connection with the nephridia is denied, and 
they are asserted to be '* myoblasts" which give rise to the circular muscles. 
This result, if well founded, is of the greatest interest, and marks an im- 
portant advance in our knowledge of annelid embryology. It is to be hoped, 
however, that the question may be carefully re-examined, by some fiur-minded 
observer, in Clepsine or some other £aivorable form. 

Bryn Mawr, Pa. 
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The following studies were undertaken, in the first instance, 
in the hope of clearing up certain perplexing problems involved 
in the origin of the germ-layers in annelids, especially those relat- 
ing to the formation of the mesoblast in the polychaetous forms ; 
and, with this end in view, I sought to find a form in which the 
detailed history of the mesoblast might be followed in the cleav- 
age-process, and its precise relation to the other layers thus 
determined. For a long time the search was fruitless. The 
eggs of most of the available American forms proved unfavora- 
ble for my purpose, on account of their opacity, the difficulty of 
orienting the early stages of development, and the lack of dis- 
tinctive characters in the external features of the blastomeres. 
At length, however, my attention was directed to the eggs of two 
species of Nereis (N, limbata^ Ehlers, and -A^. megalops, Verrill), 
which soon proved to be of unusual interest and importance, not 
only for the investigation of the mesoblast-formation, but also for 
the study of the cleavage of the ovum from a more general point 
of view. In both forms the mesoblast-bands could be traced 
back to a single cell and the relation of this cell to the other 
blastomeres accurately determined. The facts thus established, 
as I have endeavored to show in a preliminary paper (No. 30), 
go far to reconcile the various modes of mesoblast-formation in 
annelids, and, as I believe, throw a new light on the well-known 
researches of Salensky (No. 21) and Kleinenberg (No. 14) in 
this field. It soon appeared, moreover, that the early stages of 
Nereis possessed a more general interest. The ova are extraor- 
dinarily favorable for a detailed investigation of the history of 
the individual blastomeres in the cleavage-process. They are 
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transparent and of a convenient size ; the differentiation of the 
blastomeres appears at a very early period ; and from the begin- 
ning of its development the embryo possesses a number of pecu- 
liar features, by means of which it may at any stage be perfectly 
oriented, almost at a glance.^ Furthermore, the eggs may eas- 
ily be fixed and stained by a simple method, which shows with 
great clearness both the cell-outlines and the nuclear figures. 
This combination of favorable characteristics renders it possible 
to trace out the cellular genesis of various parts of the body, 
step by step from the beginning of development, with a com- 
pleteness and precision that is rarely attainable. The results 
show, as I am convinced, that much is to be gained by consid- 
ering the embryological development of animals from a point of 
view differing in some respects from that usually adopted, and 
this point of view I wish to make clear before proceeding to a 
detailed description of the facts to be set forth. 

For many years (more especially since the publication of 
Haeckers celebrated papers on the gastraea theory) embryologi- 
cal research has been dominated by certain general conceptions, 
usually designated as the "germ-layer theory," a term which 
need not be more precisely defined here. The germ-layer theory 
forms, in fact, the foundation on which the entire science of 
comparative embryology is built. And yet it does not require a 
very extensive search among the embryological writings of the 
last decade to discover that a surprising divergence of opinion 
exists among the best authorities in regard to some of the 
most fundamental propositions of this theory. This divergence 
need not here be reviewed in extenso^ but I may be allowed 
to illustrate its character by quoting somewhat fully from 
two eminent embryologists. Ten years ago, Balfour wrote as 
follows : ^ — 

" Since there are some Metozoa with only two germinal lay- 
ers, and other Metozoa with three, and since . . . the third layer 
or mesoblast can only be regarded as a derivative of one or both 
the primary layers, it is clear that a complete homology between 
the two primary germinal layers does not exist. 

* Dr. E. A. Andrews first called my attention to the favorable character of the 
Nereis eggs and the ease with which they may be procured in large numbers, and I 
am glad to acknowledge my great indebtedness to him. 

* Comparative Embryology ^ Vol. II, 1881. 
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"That there is a general homology appears, on the other 
hand, hardly open to doubt " (p. 285). 

" The fact of the triploblastic condition being later than the 
diploblastic proves in a conclusive way that the mesoblast is a 
derivative of one or both the primary layers. . . . 

"... The mesoblast did not at first originate as a mass of in- 
dependent cells between the two primary layers, but ... in the 
first instance it gradually arose as differentiations of the two 
layers, and ... its condition in the embryo as an independent 
layer of undifferentiated cells is a secondary condition, brought 
about by the general tendency towards a simplification of de- 
velopment, and a retardation of histological differentiation" 
(p. 286). 

Certain facts, clearly specified by Balfour, point, in his opin- 
ion, to the establishment of the two following propositions : — 

" (i) That with the differentiation of the mesoblast as a dis- 
tinct layer by the process already explained, the two primary 
layers lost for the most part the capacity they primitively pos- 
sessed of giving rise to muscular and connective-tissue differ- 
entiations, to the epithelium of the excretory organs, and to 
generative cells. (2) That the mesoblast throughout the triplo- 
blastic Metozoa, in so far as these forms have sprung from a 
common triploblastic ancestor, is an homologous structure " 
(p. 287). 

The point in this lucid and forcible statement to which I wish 
to call attention is that Balfour did not regard the primary germ- 
layers as being strictly homologous with one another throughout the 
gastrulas of the triploblastica, or with the layers of the coelenterate 
body. The reasons given for this conclusion are so convincing 
as to amount almost to a demonstration. 

We turn now to the views of Kleinenberg as developed five 
years later in the celebrated work on Lopadorhynchus. In cer- 
tain respects, as Kleinenberg himself points out, his views coin- 
cide with those of Balfour. But when carefully examined as a 
whole they are found to lead logically to a conception that is 
diametrically opposed to that of Balfour, as may clearly be 
shown by a juxtaposition of the two views. It should be borne 
in mind, however, that it is difficult to give an adequate idea 
of Kleinenberg's views by the citation of a few passages, since 
they are set forth in a style which, though always entertaining 
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from a literary point of view, makes considerable demands upon 
the patience of the scientific reader. I believe, however, that 
the gist of the matter lies in the following passages, which 
follow directly after a very clear review of Balfour's views (the 
italics are mine) : " Die ausgebildeten Colenteraten besitzen 
kein Mesoderm und demgemass erscheint auch das mittlere 
Keimblatt der Embryonen hoherer Metazoen als ein bloss 
conventioneller, den Thatsachen nicht entsprechender, Begriff. 
Was man bisher so nannte ist entweder die Summe unabhang- 
iger heterogener Anlagen, die im Bereich der primaren Keim- 
blatter entstehen, oder eine einzige Anlage eines bestimmten 
Gewebes oder Organs, die eventuell theilweiser Umbildung 
unterliegt. Am haufigsten sind machtige ektodermale Muskel- 
anlagen und paarige Anhange des Urdarms zum mittleren Keim- 
blatt gemacht worden. Die Frage nach der Homologie des 
sogenannten Mesoblasts in den verschiedenen Thierklassen 
beruht auf der Voraussetzung des Vorhandenseins eines Nicht- 
vorhanden, und fallt daher von selbst weg. Die Homologie der 
Organe muss injedem Fallen mit Beriicksichtigung etwaiger Sub- 
stitutionem^ durch die genetischen Beziehungen zu den bciden 
Bldttem des Cdlenteratenkorpers festgestellt werden, Ektoderm 
und Entoderm sind die ursprunglichen Grundlagen alter Gewebe 
und Organe — die Geschlechtszellen wahrscheinlich ausgenommen 
— bei den Colenteraten : ebenso verhdlt sich das Ektodertn und 
das Entoderm der Entwicklungsformen. Diese Blatter erzeugen 
besondere Gewebe ohne dadurch irgend wie die Fahigkeit neuer 
Gewebebildung einzubiissen (p. 18). 

• It would be manifestly unfair to take this passage as an ade- 
quate statement of Kleinenberg's views. But it leaves no doubt 
as to his conception of homologies. They are equivalent phylo- 
genetic relationships to the layers of the ccelenterate body. 
It seems equally clear, furthermore, that he believes these 
phylogenetic relationships to be repeated or expressed by correspond- 
ing equivalent ontogenetic relationships to the primary germ-layers 
of the gastrula. Here is the key to Kleinenberg's whole posi- 
tion, for it obviously rests upon the assumption that the two 
primary germ-layers — the inner and outer layers of the gas- 
trula — are respectively homologous with the layers of the 
ccelenterate body, and hence with each other throughout the 
Triploblastica. The two-layered gastrula is a strictly ancestral 
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larval form — and this, as I believe and shall endeavor to show 
further on, is an unwarrantable assumption which ultimately 
leads to the most contradictory and perplexing results. That 
this is really Kleinenberg's meaning is, I think, proved by his 
reasoning throughout the entire paper. It is strikingly iUus- 
trated, for example, in his treatment of the annelid trochophore 
(p. 176). After pointing out certain so-called homologies be- 
tween the organs of the trochophore (ring-nerve, ring-muscle, 
ciliated belt) and those of a medusa (ring-nerve, ring-muscle, 
velum or umbrella-margin), he says : — 

" Giebt man diese Homologien zu, so wiirde man ein fertiges 
geschlechtsreifes Thier von der Organisation der Lopado- 
rhynchuslarve im System gewiss entweder in die Ordnung der 
Hydromedusen einstellen oder wenigstens am nachsten zu 
diesen setzen. Die Principien der Klassifikation miissen aber 
dieselben bleiben, ob es sich um die Endstadien oder um die 
Zwischenstadien eines Evolutionscyclus handelt, und wenn ich 
in der Entwioklung eines Annelids eine Form finde, die von der 
Annelidenorganisation gar nichts besitzt, dagegen in den wesent- 
lichsten Theilen einer Meduse gleichartig ist, so nehme ich sie 
auch nicht fur ein Annelid sondern fiir eine Medusa." 

In passing I may remark that such " principles of classifica- 
tion" lead to a complete reductio ad absurdum when applied to 
the earlier stages of development (see p. 441). Here, however, 
I call especial attention to the fact that the passage is devoid of 
meaning, either in itself or in connection with those already 
quoted, except under the fundamental assumption that the inner 
and outer layers of the larva (and of the gastrula) are respec- 
tively homologous with those of the coelenterate body. 

It appears, therefore, broadly speaking, that Balfour and 
Kleinenberg reason in precisely opposite directions, the prem- 
ises of either being the conclusions of the other. Balfour, assum- 
ing the homology of the mesoblast (with certain reservations 
that do not affect the general result) is logically compelled 
to deny the precise homology of the ectoblast and entoblast. 
Kleinenberg, on the other hand, assumes the homology of the 
primary layers, and is then led over the same path, but in the 
reverse direction, to the conclusion that the mesoblast is not 
homologous. Kleinenberg takes the gastrula as a primary or 
ancestral larval form ; while Balfour, if I understand him cor- 
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rectly, regards it as moulded upon the Coelenterate type, but 
modified by secondary changes involved in the difiFerentiation of 
the mesoblast as a distinct germ-layer. 

In what direction may we seek to break away from this dead- 
lock of opinion ? It appears to me that the only course open 
to embryological investigation is to examine more precisely the 
origin of the gastrula itself ; to take as a starting-point not the 
two-layered gastnday but the ovum. The "gastrula" cannot be 
taken as a starting-point for the investigation of comparative 
organogeny unless we are certain that the two layers are every- 
where homologous. Simply to assume this homology is simply 
to beg the question. The relationship of the inner a7id outer 
layers in the various forms of gastrulas must be investigated not 
only by determining their relationship to the adult body^ but also 
by tracing out the cell-lineage or cytogeny of the individual bias- 
tomeres from the beginning of development ; and I am convinced 
that many apparent contradictions that appear under the ordi- 
nary germ-layer theory will disappear when thus examined. 

It is from this point of view that I have considered the devel- 
opment of Nereis. It will be shown that many important organs 
and systems of the annelid body can be traced back to parent 
blastomeres — I propose to call them protoblasts (" Ur-zellen ") 
— that are differentiated long before the completion of the " gas- 
trula " stage, and whose relations to one another can be deter- 
mined with all possible accuracy. The development in fact 
suggests a mosaic (to use a comparison of Roux s) ; the ontog- 
eny may be resolved into a series of individual organogenies, 
each of which takes its beginning in a single protoblast or a 
small group of them. I shall endeavor, therefore, first to deter- 
mine the origin and mutual relationships of the individual proto- 
blasts in the cleavage process, and, second, to trace their later 
history. The relation of the protoblasts to the gerni-layers of 
the gastrula becomes afterwards a simple question. 

It remains to be seen whether this method of study will be 
found sufficiently practicable in other animals to afford a satis- 
factory basis of comparison, and to what conclusions it may lead, 
but some interesting results have already been attained in this 
direction. These researches need not be fully reviewed at this 
point, but I must refer briefly to Whitman's epoch-making 
researches on the Hirudinea,^ which not only opened a new 

1 Nos. 27, 28. 



Digitized by 



Google 



368 WILSON. [Vol. VI. 

field in the study of annelid embryology, but, as I believe, 
formed a new point of departure for a re-examination of the 
entire germ-layer theory. Whitman showed (in Clepsine) that 
the entire germ-bands of the trunk could be traced back to five 
pairs of cells (teloblasts), whose origin in the cleavage was 
accurately determined. One pair (primary mesoblasts) gave 
rise to the mesoblast-bands ; one pair (neuroblasts) to the ven- 
tral nerve-cord; two pairs (" nephroblasts ") to the trunk-ne- 
phridia, and one pair (lateral teloblasts), as he conjectured, 
were perhaps concerned in the origin of the muscles. That 
an entire system of organs, such as the ventral nerve-cord, or 
the trunk-nephridia could be traced back to a single blastomere 
was a fact so extraordinary that many morphologists, Balfour 
among them, at first refused to credit Whitman's statements, 
notwithstanding the fact that the origin of the entire mesoblast 
from a single cell had been established in a number of cases. 
Later investigation, however, not only confirmed Whitman's 
discoveries, but extended them to other Hirudinea and to the 
Oligochaeta ; and the fact that the special interpretation placed 
by him upon the " nephroblasts " has been disputed does not 
lessen the importance and significance of the work. Whitman's 
researches showed that the material for complicated adult organs 
might be so condensed and accelerated in development as to be 
set apart by a single stroke, as it were, in the early stages of 
cleavage, long before the establishment of the gastrula; and this 
fact opens up a long vista of possibilities regarding the second- 
ary modification of the gastrula stage. It may be urged that 
these modifications can have little general interest for the very 
reason that they are secondary and take place only in a highly 
modified type of development. The reply to this is, how do we 
know what is the primitive type of gastrulation } The present 
state of embryology certainly does not enable us to give any 
positive answer to this question. Whether the primary form 
is the epibolic or the embolic gastrula, the plakula, the unipolar 
or multipolar delaminate planula, or a still different type, re- 
mains to be seen ; and the very fact that the differentiation of 
the layers is effected in such a diversity of ways proves conclu- 
sively that these early stages of development are as susceptible 
to secondary modification as the later. I shall show, further on, 
that the history of the mesoblast in Nereis shows how a slight 
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change in the character of the segmentation in one direction or 
another would cause the mesoblast to take its apparent origin 
in the one case from the entoblast, in the other from the ecto- 
blast. Supposing these divergent changes to take place in two 
originally similar forms — there is every reason to believe that 
exactly analogous changes have taken place — would the two 
resulting forms of "gastrulas" be equivalent? Is the two- 
layered larva of Amphioxus equivalent to that of Lopado- 
rhynchusf I think not.^ 

The development of Nereis has been investigated, especially 
by Gotte (No. 9), Salensky (No. 21), myself (No. 30), and v. 
Wistinghausen (No. 31). Gotte describes, in N Dumerilii^ the 
cleavage, the general features of the gastrulation, the origin of 
the mesoblast from a single cell (which, however, has probably 
nothing to do with the mesoblast), and the general history of 
the free-swimming trochophore. 

Salensky did not observe the early stages of cleavage, but 
accurately figured some of the later stages and made an admira- 
ble study of the early larva by means of actual sections. His 
results differ from those of Gotte on two points of fundamental 
importance, of which the first relates to the mesoblast-formation, 
the second to the axial relations of the larva, (i) Gotte describes 
the mesoblast as arising from a single cell (produced immediately 
after the eight-celled stage), which, after dividing into two, passes 
into the cleavage-cavity and gives rise to the mesoblast-bands, 
precisely as in the Oligochaeta and Hirudinea. According to 
Salensky, on the other hand, the mesoblast is formed by a pro- 
liferation of the ventral ectoblast near the lip of the blastopore 
{loc, cit, p. 568). (2) As to the axial relations, Gotte describes 
and figures the mesoblast-bands in their earlier stages as lying 
horizontally {i.e. parallel to the prototroch), so that the antero- 
posterior axis as thus determined is likewise horizontal. Salen- 

^ In a recent interesting paper (No. 26) Watase has called attention to the impor- 
tance of the precise examination of the early stages of cleavage by tracing the cell- 
lineage. I am fully in agreement with the views there set forth, though I cannot 
fully accept his genei^ conclusions (^ p. 455), and it appears tome that the rela- 
tion between this *' cytological method '* and the study of the germ-layers is not 
very clearly explained. The phrase " cytological method " is open to some objection, 
since in common usage the word cytok^ is applied to the study rather of the internal 
phenomena of the cell than of its external relations. The terms cytogeny^ cytogenetic 
seem to me more suitable, though perhaps open to criticism on other grounds. 
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sky finds, on the other hand, that the mesoblast-bands are from 
. the first perpendicular to the prototroch, — i.e. at right angles 
to the position described by Gotte. 

My own results, briefly set forth in the paper referred to, 
differ totally from those of Gotte and agree essentially with the 
facts described by Salensky, though a study of the early stages 
leads to a very different interpretation, (i) I showed that the 
mesoblast arises from a single cell, the " second proteloblast " 
(by no means, however, the cell described by Gotte), the off- 
spring of which give rise to a V-shaped mass of cells, the two 
arms of which form the mesoblast-bands. These bands have in 
every respect the same position and relations as described by 
Salensky. The apex of the V extends to the surface at the 
posterior lip of the blastopore, so that the mesoblast-bands ap- 
parently take origin in the ectoblast, as Salensky states. The 
primary mesoblast-cell itself arises in a characteristic manner 
from the large, left posterior macromere, precisely as in Clep- 
sine^ RhynckelmiSy and in the gasteropod Crepidula^ recently de- 
scribed by Conklin (No. 4).^ (2) At the fourth cleavage a large 
cell, the "first proteloblast," separates from that macromere 
which afterwards gives rise to the mesoblast. From this cell 
(which is evidently identical with the primary mesoblast of 
Gotte) arises the entire ventral plate of the trochophore, — ue, 
the ventral neural plates, the seta-sacs, and probably a portion 
of the nephridia. 

These results were published in a condensed form, in connec- 
tion with the discussion of other questions, as I was still engaged 
in the investigation of other features of the ontogeny. The paper 
of V. Wistinghausen appeared soon afterwards, and his results 
were independently attained, although my paper had been 
received before their publication.* The species investigated 
was the " Nereis-form " of N. Dumerilii (the same as Gotte's 
species), which lays its eggs in tubes and has a suppressed 
trochophore, whereas Gotte's studies were based upon the 
" Heteronereis-form," which has pelagic eggs and a free-swim- 
ming trochophore. The results confirm my own on every essen- 

^ Through the kindness of Professor Conklin, I have been enabled to examine 
many of his drawings and preparations in advance of the publication of the full paper. 

' It may be added that the investigations described in the present paper were 
practically finished before the appearance of v. Wistinghausen*s paper. 
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tial point. The origin and fate of the two " proteloblasts " 
(called " somatoblasts " by v. Wistinghausen) are the same, and 
so are the orientation and general history of the germ-bands, 
though there are certain interesting differences of detail. His 
orientation of the first three cleavage-planes also agrees exactly 
with mine, though his terminology is different, owing to a dif- 
ferent designation of the trochophore-axes. A more extended 
review of his results will be given further on. 

A comparison of these investigations leaves no room to doubt 
that Gotte's orientation of the mesoblast-bands and his account 
of the first origin of the mesoblast are both erroneous. It is 
barely possible that the free-swimming trochophores of N, 
Dumerilii differ from the suppressed trochophores in regard 
to the early development, but this is extremely improbable in 
view of the fact that the suppressed trochophores agree pre- 
cisely with the free-swimming trochophores of three other spe- 
cies (iV. limbata^ N. megalops^ and N, cultriferd). I venture to 
assert that a comparison of Gotte's figures with those given in 
the present paper will leave no room to doubt that the cells 
described by him as "primary mesoblasts" are the posterior 
proteloblasts (i.e, the first progeny of the first somatoblast, p. 
407), viewed obliquely in optical section, and that the real 
primary mesoblasts are figured by him as ordinary ectoblast- 
cells at the posterior lip of the blastopore. His figures of the 
horizontal mesoblast-bands I will not undertake to explain. 

In the present paper I shall consider mainly the external 
aspects of the cleavage and the general relations of the larval 
and adult bodies. I have devoted my attention mainly to sur- 
face views, partly because this part of the subject has hitherto 
been least known and has proved most .fruitful of new results, 
partly because this part of the work demanded so great an ex- 
penditure of time and labor that I have been forced to defer to 
a later paper an account of the internal phenomena of cleavage 
and a detailed study of the differentiation of the tissues and 
organs. 

Egg-laying. — Methods. 

The eggs of N. limbata and N, megalops ?.re discharged at 
night while the animals are actively swimming at the surface of 
the water. At Wood's Holl, Mass., the season extends at least 
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from June to September, the most favorable time, as far as I 
have been able to determine, being in August and the earlier part 
of September. The animals appear in abundance only on warm, 
still nights, and even then are rarely found unless the water has 
been quiet for some days. When the conditions are favorable, 
they come forth soon after dark and swim rapidly about at the 
surface, sometimes in almost incredible numbers. There is 
something capricious about their occurrence, and I have never 
been able to find a satisfactory explanation of their vagaries. 
Sometimes both species occur together ; at other times, under 
apparently similar conditions, only one species will be found, or 
one may be very abundant and the other rare. The sexes are, 
as a rule, readily distinguishable, since the males are bright red 
and swim very rapidly, while the females are paler in color (often 
nearly white) and swim slowly. The* males are always more 
abundant than the females, and I have sometimes captured 
thousands of males without finding a single female. The 
females are often actively pursued by the males, and have a 
habit of swimming in a circle, closely pressed by numerous 
males, while the eggs and spermatozoa are being discharged 
into the water. 

The best method of procedure is to capture the adults singly 
with a hand-net by the light of a lantern, which serves to 
attract the animals, and by means of which they can be dis- 
tinctly seen. The sexes should be carefully separated, since 
otherwise the eggs are immediately fertilized and are so thickly 
covered with spermatozoa that it is afterwards difficult to study 
them. As soon as one or two ripe males are placed with the 
females, the eggs and spermatozoa are discharged. The animals 
should then be as quickly as possible removed (so as to allow 
the eggs to sink), and the water thereupon repeatedly changed 
until all superfluous spermatozoa are removed. If the sexes are 
kept apart, the eggs are as a rule not discharged, and I have 
often endeavored to keep the animals until morning, so as to 
study the development by daylight. Unfortunately, however, 
the animals usually die when thus treated, and even if the eggs 
are deposited and fertilized (either naturally or artificially) on the 
following day, they do not develop normally. Artificial fertili- 
zation is easily effected at night, and my best material has been 
obtained in this way, since a minimal quantity of spermatozoa is 
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thus ensured. Most of the eggs I have studied were deposited 
about 9 P.M., but in a few cases they were not laid until an hour 
or two later. The cleavage was repeatedly followed through 
the entire night on the living ova, and most of the cleavage- 
stages have been observed scores of times. Owing to the 
warmth of the lamp, the eggs develop more rapidly under the 
microscope than in the aquarium, so that, by keeping the aqua- 
rium cool and taking fresh material after the completion of each 
division, every step in the cleavage may be observed twice or 
more in the same lot of eggs. 

I have found it best to examine the eggs on an ordinary glass 
slide under a very long narrow cover-glass, one end of which is 
supported by wax feet. The eggs are drawn up in a pipette 
and run under the cover-glass from the upper end, whereupon 
they arrange themselves in a single layer. By moving the cover- 
glass the eggs may be rolled, though with some difficulty owing 
to the presence of oil-drops which cause the eggs to lie with 
the animal pole downwards. In later stages, after the larvae 
begin to swim, they may be paralyzed by adding to the water a 
few drops of a weak solution of cocaine in dilute methyl alcohol. 
The cilia may thus be brought to a standstill and their arrange- 
ment easily studied. The embryos may also be colored intra 
vitam to any desired extent by adding a one per cent aqueous 
solution of methyl-blue to the water. This method does not 
give a differential staining, but is very useful in certain stages 
by rendering the protoplasm and cell-outlines more distinctly 
visible. 

For preserving the embryos various methods were employed. 
For sections the best hardening fluids are Flemming's fluid 
(Fol's weaker formula), Perenyi's fluid, sublimate, and chrom- 
acetic acid, especially the two former. Klein enberg*s picric 
acid, which gives beautiful results with many annelid larvae, 
and which was successfully employed by v. Wistinghausen for 
N, Dtimerilii, I have found unsatisfactory. It is, furthermore, a 
curious and instructive fact that Lang's sublimate acetic mixture, 
which V. Wistinghausen found useless, works very well with 
the American species. These reagents were employed in the 
usual manner, the eggs being left in them from ten to thirty 
minutes. 

These methods are, however, of small value in comparison 
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with that employed for the surface-views and optical sections, 
and to it I owe many important results. This is simply strong 
acetic acid mixed in various proportions with glycerine and 
water. I have usually employed a mixture of glycerine, glacial 
acetic acid, and water in equal parts (a modification of ** Haller's 
fluid," suggested to me by Dr. Watase). The eggs are placed 
directly in this fluid and kept there until needed, i,e. for an 
indefinite period. They are perfectly fixed, without change of 
form, and undergo no deterioration for several weeks except a 
gradually increasing vacuolation of the protoplasm. For exam- 
ination they are stained as follows. A number of the eggs, 
still lying in t/iefluid, are transferred with a pipette to a watch- 
glass and a few drops of Schneider's acetic carmine (saturated 
solution of carmine in forty-five per cent acetic acid) are added. 
The proper degree of staining must be determined by exam- 
ination ; the time required depends upon the amount of carmine 
added. The color should be light red, and I have usually found 
three to five minutes sufficient with a rather weak carmine. 
The embryos are then washed by repeatedly changing ttte glycer- 
ine-acetic fluid until all superfluous color is removed ; they are 
then mounted, still in the fluid, under a long cover-glass as usual. 
They may be examined immediately, but the embryos become 
far more transparent if the preparation be set aside for several 
hours until the water evaporates, eg, over night. (After a day 
or two the color begins to alter and to darken, and the prepara- 
tion soon becomes useless.) If, now, a favorable specimen be 
selected, slightly compressed and carefully rolled about from 
side to side by displacing the cover-glass with a needle, the cells 
may gradually be caused to separate from one another. If the 
process be stopped at precisely the right point, when the cells 
have barely begun to separate, preparations of the utmost beauty 
and clearness may be obtained. The protoplasm is colored pale 
red, the resting nuclei and the karyokinetic figures show with 
perfect distinctness, and especially the cell-outlines are shown 
with diagrammatic clearness. In good preparations, even of 
comparatively late stages, every cell in the embryo may be seen 
and the relations of the dividing cells studied with the utmost 
accuracy. Most of the figures have been drawn from specimens 
prepared by this method, and to it is owing the relative com- 
pleteness with which I have been able to study the cleavage- 
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process. Unfortunately the preparations cannot be kept perma- 
nently. Fairly good permanent preparations may be made by 
mounting (in balsam or glycerine) specimens hardened in Flem- 
ming's or Perenyi's fluid and stained with haematoxylin or alum 
cochineal ; but they are not to be compared with the others. 
Specimens preserved in Perenyi's fluid are apt to darken in 
time, possibly through the action of the tannin dissolved by 
the alcohol when cork stoppers are used. Such specimens often 
make very good preparations when mounted in balsam without 
staining. 

I. The Unsegmented Egg. 

The eggs are discharged separately into the water and soon 
sink to the bottom, where they lie with the animal pole turned 
downward. Each egg is surrounded by a transparent, thick, 
gelatinous envelope, which causes the eggs, when in masses, to 
be separated by considerable spaces. Occasionally the enve- 
lopes of a number of eggs adhere closely together, so that the 
eggs appear as if imbedded in a common jelly, as is regularly 
the case with N. cultrifera^ and some other species ; this, how- 
ever, is exceptional, and, as a rule, the eggs move freely amongst 
one another. To the periphery of the gelatinous envelope the 
spermatozoa adhere in great numbers, so that the eggs appear 
to be surrounded by a kind of halo, which, if the water is not 
changed, soon becomes so dense as to obscure the vitellus 
within it. 

The vitellus is transparent, finely granular, and contains (in 
N, limbata) at least three kinds of elements besides the proto- 
plasm. These are (i) large oil-drops, (2) small oil-drops, and 
(3) deutoplasm-spheres. The latter are not present in the eggs 
of N, megalopSf or, if present, are invisible, owing to their 
transparency. The large oil-drops, which vary in number from 
ten or twelve to twenty or more, and also vary greatly in 
size, are arranged in an irregular circle (Figs, i, 2) near the 
periphery of the vitellus in the lower (vegetative) half of the 
egg, which is thereby caused to lie with this pole turned up- 
wards. If the egg be turned over, it soon rotates back into its 
original position, so that it is difficult to follow continuously the 
history of the upper hemisphere in the living egg. The small 
oil-drops (Fig. i) are very minute, highly refractive spheres 



Digitized by 



Google 



376 WILSON. [Vol. VI. 

scattered at rather wide intervals through the entire vitellus. I 
am unable to say whether they are of the same nature as the 
large drops, but intermediate forms seem not to exist. The 
deutoplasm-spheres (Fig. i) are intermediate in size between 
the two forms of oil-drops. They are at first equally distrib- 
uted through the vitellus, and only after fertilization do they 
begin to disappear from the upper pole (as will be described 
further on). In appearance they are clear and homogeneous, 
approximately spherical, but with rather irregular outlines, more 
highly refractive than the. protoplasm, but much less so than 
the oil-drops. 

When first discharged, the eggs are somewhat irregular in 
form. Soon, however, they become perfectly spherical with a 
diameter of about 0.12 to 0.14 mm. in N. limbata, considerably 
less in N. megalops (the eggs of both species vary considerably 
in size). The vitellus is at first surrounded by two membranes, 
the outer of which is extremely thin and delicate, the inner 
(zona radiata) much thicker and with very distinct radial stria- 
tions. I shall not attempt in this place to give any account of 
the internal phenomena of fertilization, but there are certain 
peculiar external phenomena to which it may be useful to call 
attention. From twenty to thirty minutes after fertilization 
the striae of the zona suddenly become indistinct, and in the 
course of two or three minutes the zona itself entirely disap- 
pears, leaving only the outer membrane. The vitellus mean- 
while becomes irregular in form, and after the disappearance 
of the zona, assumes an amoeboid appearance, so as to be here 
and there widely separated from the membrane. For about ten 
minutes slow amoeboid changes of form take place, after which 
the vitellus again becomes perfectly spherical, but is separated 
from the outer membrane by a slight space. Meanwhile cer- 
tain changes, preparatory to the extrusion of the polar cells, 
take place at the upper pole. 

The freshly laid egg has a large germinal vesicle which lies 
excentrically, somewhat above the centre of the vitellus ; a few 
minutes after fertilization the vesicle disappears. Towards the 
close of the amoeboid phase the deutoplasm-spheres begin to 
migrate away from the upper pole, leaving a clear polar area 
composed of granular protoplasm. In it may be seen a few 
scattered oil-drops of the small form, but deutoplasm-spheres 
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are wholly absent. The polar area slowly increases in size 
until its diameter is about one-third that of the vitellus, and 
meanwhile a very distinct star appears in its centre. Thirty- 
five to forty minutes after fertilization the first polar cell is 
extruded, and the second follows ten or twelve minutes later. 
Viewed from the side at this period (Fig. 2) the vitellus appears 
somewhat flattened on the upper hemisphere and is separated 
from the membrane by a considerable space. I would call 
attention to the fact that the polar cells differ slightly both in 
size and in form, the first being pear-shaped or oval, while the 
second is spherical and somewhat smaller. The corresponding 
internal differences have not yet been investigated. 

II. General Sketch of the Development. 

The cleavage of the ovum takes place with a precision and 
regularity which oft-repeated examination only renders more 
striking and wonderful. Up to a stage when the foundations of 
all the more important organs have been established (sixty-two 
cells or more) the divisions take place with clock-like regularity, 
the only perceptible variations being slight differences in the 
time at which the individual blastomeres divide. Even these 
differences are so slight as to escape any but the closest scru- 
tiny. As development proceeds the variations become more 
marked, and thus individual differences between the embryos 
gradually become apparent. Yet these differences, as before, 
are for the most part the result of slight time-variations in the 
development of individual blastomeres and their progeny, and, 
as far as can be determined, do not materially affect the end 
result. The entire ontogeny gives the impression of a strictly 
ordered and predetermined series of events, in which every cell- 
division plays a definite rdle and has a fixed relation to all that 
precedes and follows it. 

The events of the cleavage fall into three very marked periods 
which I shall designate respectively as the (i) spiral, (2) tran- 
sitional, and (3) bilateral periods. In the first period, which 
extends to the thirty-eight-celled stage, the germ-layers are com- 
pletely differentiated. At the same time most of the individual 
blastomeres are differentiated into the parent-cells or proto- 
blasts from which the future organs arise. The embryological 
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material is, as it were, sifted out and arranged ; but it is a very 
remarkable and interesting fact that the cell-divisions by which 
this is effected do not take place bilaterally in accordance with 
the adult structure, but show a peculiar modification of radial 
symmetry which is best characterized as spiral in character, and 
which cannot be reduced to the bilateral type. 

The cleavage is total and unequal; no cleavage cavity is 
formed, the gastrulation is strictly epibolic, and the "blasto- 
pore^* closes at a point that nearly coincides with the lower 
pole, i.e, iSo"* from the point at which the polar cells are formed. 
The first cleavage is transverse to the median plane of the tro- 
chophore and at right angles to the plane of the prototroch, 
hence horizontal with respect to the adult body, owing to a 
peculiar shifting of the axes, which will be described in the 
course of the paper. The second cleavage-plane ultimately 
coincides with the median plane of the trochophore and of the 
adult body, though it does not divide the egg into equal halves. 
The third cleavage-plane is as usual horizontal or equatorial 
(parallel to the prototroch) and separates four smaller micro- 
meres above from four macromeres below. 

Three sets of four " micromeres " each are successively sep- 
arated from the macromeres (A, B, C, D^ Diagram i) by the 

following invariable law. The first 
four {dS, b\ c\ d^) are formed in 
a right-handed spiral, the second 
four (a\ ^, ^, rf2) in a left-handed 
spiral, and the third set {c?, Ifi, r*, 
d^ in a right-handed spiral like 
the first set. (I follow Lang's ter- 
minology, as applied to the ovum 
of the polyclade, DiscocosliSy with 
which the segmentation of Nereis 
accurately agrees up to a late 
stage.) From these twelve micro- 
meres the entire ectoblast arises. 
Their formation is followed by the separation of the primary 
mesoblast, or " second somatoblast " (rf* or M) from the left 
posterior macromere, with which event the differentiation of 
the germ-layers is completed and the strictly spiral period 
ends. The micromere d^ or JT, which is much larger than the 
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others, is the " first soraatoblast/' and from it arises the ventral 
plate.^ 

The spiral character of the cleavage is strictly maintained in 
the divisions of the micromeres which meanwhile take place. 
At the close of the period (Fig. 29) the embryo consists of 
thirty-eight cells, the relations of which to the germ-layers are 
as follows : — 

4 Macromeres = Entoblast. 

, . ,. ( 33 Ectomeres = Ectoblast. 

34 Micromeres •<*'•' ,^ 

(I Mesomere = Mesoblast. 

Bilateral divisions now begin to appear among some of the 
ectomeres, but others still continue to divide spirally ; i,e, the 
bilateral period is overlapped to some extent by the spiral. 
This period of overlapping, in which the number of cells in- 
creases from thirty-eight to fifty-eight (Figs. 30 to 38), I shall 
call the Transitional Period. Its principal event is the estab- 
lishment of the prototrochal girdle and of a remarkable cross 
of cells on the upper hemisphere which gives rise in part to the 
cerebral ganglia. 

In the third, or Bilateral Period, the divisions become essen- 
tially bilateral, arid so remain as long as they can be followed. 
The embryo is still perfectly spherical, and its cells are not 
arranged according to a strict bilaterality, because they still 
show traces of their spiral mode of origin. Little by little, how- 
ever, a complete bilaterality is established, which becomes very 
apparent as soon as the elongation of the body begins to take 
place. 

The young trochophore (Fig. 82) is nearly spherical in form. 
The prototroch occupies the equatorial plane, and is composed of 
a girdle of twelve principal cells (derived from products of the 
first set of micromeres). The girdle is interrupted in the 
median posterior (/>. dorsal) line by a narrow space through 
which the small cells of the upper hemisphere are in continuity 
with those of the lower. In the centre of the upper hemi- 
sphere, at the point where the polar cells were formed, is an 
apical tuft of cilia. Two eye-spots are symmetrically placed on 
the upper hemisphere. The mouth, which opens into a large 

1 1 sball adopt v. Wistinghausen*s term ** somatoblast " in place of the word 
** proteloblast " employed in my earlier paper, reserving the latter term for a differ- 
ent use (p. 407). 
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stomodaeum, is in the median ventral line posterior to the pro- 
totroch. The anus is not yet formed, but its future position is 
indicated by a pigmented area that lies nearly in the centre of 
the lower hemisphere. At this point, as will be shown further 
on, the blastopore has closed, and here the mesoblast-bands 
reach the surface. The subsequent elongation of the body 
(PL XX) takes place in the vertical axis of the trochophore, 
which coincides with the principal axis of the ovum. 

This preliminary statement will allow the following descrip- 
tion to be made more condensed, and, I trust, more intelligible. 
It may be added that the spiral period of cleavage in Nereis is 
marvellously similar to the cleavage of the polyclade ovum as 
described especially by Gotte, Selenka, and Lang, and shows an 
equally striking similarity to the cleavage of the molluscan 
ovum (Bobretzky, Blochmann, Conklin, etc.). It is important to 
notice, however, that although the form of cleavage in the spiral 
period of Nereis is identical with that of the polyclade, yet the 
corresponding blastomeres are only in part homologous. The 
significance of this very remarkable fact is discussed further on.^ 

^ It is absolutely necessary to fix, at tbe outset, the terms employed in the orienta- 
tion of the larva, since there is room for a wide difference of opinion which may 
easily lead to a confusion of terms, and the orientation I shall employ differs radi- 
cally from that of v. Wistinghausen. I shall regard the principal or vertical axis of 
the trochophore as representing, roughly speaking, the dorso-ventral axis (antero- 
posterior, V. W.), the prototrochal plane as approximately longitudinal (dorso-ven- 
tral, V. W.), the gap in the prototroch as approximately posterior (median-dorsal, 
V. W.), and the opposite point as anterior (median ventral, v. W.). My orientation 
agrees essentially with that of Gotte and Lang as applied to the polyclade larva, while 
V. Wistinghausen follows that of Selenka. The difference is essentially this : v. Wist- 
inghausen orients the ovum and the trochophore directly with reference to the adult 
body, and thus identifies the principal or vertical axis of the ovum with the antero- 
posterior axis of the adult. I believe, on the other hand, that a shifting of the axes 
takes place, so that, broadly sp faking, the larval axes are at right angles to those of 
the adult. Thus, (i) the posterior extremity, (2) the ventral region, and (3) the 
anterior region of the embryo and early larva become in v. Wistinghausen's termi- 
nology respectively (i) dorsal, (2) posterior, and (3) ventral. I regret this confusion 
of terminology, since I am perfectly in accord with v. Wistinghausen in regard to the 
facts. I wish, however, expressly to disclaim any intention of attaching a profound 
morphological significance to the terminology employed ; for, as will be shown here- 
after, the axes of the young embryo cannot be very accurately defined. The general 
axial shifting that takes place in the metamorphosis is, however, not ideal, but real — 
it is an actual transference of material; and if this shifting is not recognized, the 
terminology of the early stages becomes in the highest degree confusing and contra- 
dictory. My orientation is, therefore, adopted for purely practical reasons, i.e, for 
convenience of description. 
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A general view of the cleavage may be obtained from the 
accompanying diagram or cytogenetic tree (p. 382), which repre- 
sents accurately the genetic relations of the blastomeres up to 
the complete establishment of bilaterality. The number of blas- 
tomeres in the successive stages is given in the upper line ; the 
succession of the divisions is shown by the vertical columns. 
The record is without a gap up to the fifty-eight-celled stage. 
Beyond this point the development of the embryo as a whole 
cannot be fully represented in the diagram, on account of 
increasing variations in the order of division of the individual 
cells. Special diagrams showing the history of some of the 
individual protoblasts will be given further on. 



III. Spiral Period of Cleavage 

(i to 38 blastomeres). 

I. The First Cleavage (Figs. 2* to 3). 

The first cleavage takes place about seventy-five minutes after 
fertilization. The plane of division passes slightly to one side 
of the polar cells, and divides the egg into two unequal parts 
(AB and CD), The subsequent history shows that the first 
cleavage plane is vertical and at right angles to the median 
plane of the larval body, and at right angles to the prototroch. 
The smaller of the two cells (AB) is anterior ("ventral," v. Wis- 
tinghausen), the larger {jOD) is posterior (" dorsal," v. Wisting- 
hausen). 

The division is initiated by the appearance of a shallow, trans- 
verse furrow on the upper side of the ovum, which gradually 
deepens and ultimately cuts through the entire vitellus from 
above downwards. The furrow is so placed as to divide the clear 
polar area into unequal parts, about one-third of it passing into 
the smaller cell and two-thirds into the larger. As the furrow 
travels downwards, a number of interesting phenomena may be 
observed. The furrow is at first very broad, with widely sepa- 
rated margins, which only approach and come into contact when 
the furrow has cut about one-third through the vitellus. As 
they approach, the margins become irregular and put forth amoe- 
boid processes, consisting mainly of clear protoplasm, though 
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occasionally containing a few deutoplasm-spheres. The proc- 
esses of the opposing margins first come into contact near the 
middle of the furrow (/>. near the upper pole), and are gradu- 
ally flattened out against one another, so that the central portion 
of the furrow becomes a straight, even line. From this initial 
point of union, the closure of the furrow proceeds in like man- 
ner in each direction, around to the opposite side of the vitellus, 
after which the two blastomeres become pressed together, and 
the egg enters upon a resting period of fifteen to twenty min- 
utes. The entire cleavage occupies about five minutes. 

The behavior of the vitellus during the division gives the 
impression that the protoplasm is a viscid, tenacious mass, like 
pitch, which is pulled apart into two masses, against a consider- 
able resistance. When, for example, the furrow has cut nearly 
through the vitellus, a narrow bridge of protoplasm is often left 
at the lower pole. As this bridge is cut through, the deuto- 
plasm-spheres within its substance are drawn out into an oval 
shape, as if the viscid mass were being dragged out by the ends. 
The formation of the pseudopodial processes shows, however, 
that the protoplasm is actively at work, and that it is not pas- 
sively sundered by attractive forces, emanating from a central 
point within each incipient blastomere. It is worthy of note, 
furthermore, that the edges of the furrow appear to be pressed 
together with considerable force, since the pseudopodial proc- 
esses may be seen to flatten out against each other, as if urged 
from the rear. While this operation is taking place on the upper 
portion of the furrow, however, the lower portion is still cutting 
down through the vitellus, — a fact which likewise has some 
bearing on the theory of attractive centres. As the cleavage- 
furrow passes downward, it seems to carry with it the anterior 
third of the polar area which disappears between the two blasto- 
meres as they flatten together. The remaining two-thirds still 
persists in the larger blastomere as an irregular, clear space. 
In this space I have been able to see, in some specimens, but 
not in aU, an irregular, coarsely granular mass, which shows a 
marked contrast to the surrounding protoplasm, although it has 
no definite boundary. This mass lies somewhat to the left of 
the middle line, and at the next cleavage passes into the left 
posterior macromcre (cf. Figs. 3 and 5). Its later history I have 
not followed with sufficient care, but I am tolerably certain that 
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it increases in bulk and ultimately passes, in part into the first 
somatoblast, in part into the second. It would be interesting 
to investigate carefully the nature and history of this peculiar 
structure, but for the present I must pass it by. 

2, Ttie Second Cleavage (Figs. 4% 4, 5). 

The second cleavage-plane coincides with the median plane 
of the adult body. It divides the smaller blastomere (AB) into 
approximately equal right and left halves {B and A respec- 
tively), and the larger (CD) into unequal parts. Of these, the 
larger (Z)), on the left side, is much larger than any of the other 
three; the smaller (C), on the right, is intermediate in size 
between D and A or B, The precise mode of formation and 
ultimate relation of these four cells must be accurately under- 
stood, since they determine the orientation of the embryo 
throughout the early development, and suggest some interest- 
ing comparisons with various other animals. 

As in the case of many other eggs, the division of the smaller 
cell takes place slightly in advance of the other, and the respec- 
tive cleavage-lines of the two cells are not precisely in the same 
position. The second cleavage may, in fact, best be treated, 
not as a single cleavage of the egg as a whole, but as consisting 
of two rapidly succeeding divisions of the first two blastomeres. 
Both divisions are of the same type as the first cleavage, the 
furrow first appearing on the upper side and cutting thence 
downwards. The smaller cell begins to divide about eighty-five 
minutes after the fertilization. Starting from the upper side, 
the furrow cuts downwards somewhat obliquely towards the 
left side, and finally meets the first cleavage-line to the left of 
the lower pole. The smaller blastomere is thus divided into 
two parts {A and B)y of which the left {A) appears to be slightly 
the smaller when seen from above. 

During the division of AB^ the larger blastomere {CD) begins 
to divide in the same manner. At first, the furrow on the upper 
side is nearly or quite a continuation of the cleavage-line between 
A and B. As it travels downwards, however {cf. Figs. 4, 4*, 5), it 
passes slightly to the right so as to meet the first furrow at a con- 
siderable distance to the right of the cleavage-line between A and 
B. Thus the first cleavage-line on the lower pole is divided into 
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three parts, the middle of which assumes an oblique position 
(/), and constitutes the well-known " cross-furrow " (" Brech- 
ungslinie " of Rauber), which occurs in so many eggs at this 
stage. Meanwhile, through a slight displacement of the four 
blastomeres, a cross-furrow appears on the upper pole, much 
shorter than the lower one and at right angles to it. At the 
completion of the division, therefore, the four blastomeres have 
the arrangement shown in Fig. 5. 

This arrangement is of great interest with reference to ithe 
law of cleavage, and is of the utmost practical importance in 
the orientation. At the upper pole B and D are separated, 
while A and C are in contact along the short cross-furrow, 
which passes from left to right. On the lower hemisphere, this 
arrangement is reversed, B and D being in contact along the 
cross-furrow, which passes from right to left (viewed from the 
upper pole), while A and C are separated. The significance of 
this arrangement will be discussed in Part X, and I will here 
only point out its importance as a means of orientation. Owing 
to the fact that the four primary entomeres do not divide, the 
lower cross-furrow remains unaltered up to a stage when the 
prototroch is in full activity, the mouth, eyes, and mesoblast- 
bands have been formed, and the segmentation of the body has 
become apparent (see PL XX, Figs. 85, 86, and preceding fig- 
ures). Thus the relations of the four-celled stage to the tro- 
chophore are, I believe, unmistakable, and all the intermediate 
stages may be oriented with perfect certainty by means of the 
position of the furrow, taken in connection with the size and 
arrangement of the cells. Furthermore, the slight acceleration 
in the division of the smaller of the first two blastomeres is a 
safeguard against error in determining the relations of the four- 
celled stage to the first two cleavage-planes. I believe, there- 
fore, that I can state with absolute certainty that the second 
furrow coincides with the median plane of the larval and adult 
bodies. 

Side views of the four-celled stage (Fig. 6) show that the dif- 
ference in size between the large blastomere and the others is 
much greater than appears from the polar view, since its verti- 
cal diameter is greater than that of the others. The oil-drops 
lie far down in the blastomeres, the upper portions of which still 
have the same structure as in the unsegmented egg. 
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3. The Third Cleavage, 

In the third cleavage, which takes place about one and three- 
quarters hours after fertilization, the spiral character first 
comes clearly into view. Each of the blastomeres divides 
somewhat obliquely (Fig. 7') into unequal parts, a smaller upper 
micromere, which contains none of the large oil-drops, and a 
larger macromere below. The four micromeres thus formed 
(fiS^ b\ c\ d^)y I shall call the first group of micromeres. From 
them arise the entire upper hemisphere of the trochophore, the 
head-kidneys, and the cells of the prototroch.^ 

Side views at the moment of division (Fig. 7') show that each 
micromere is displaced somewhat towards the left. This dis- 
placement increases during the division, and reaches a maximum 
during the succeeding resting stage (Figs. 10, 11, 12), when the 
four micromeres alternate with the macromeres. [This is only 
approximately true, since the left posterior micromere (dP) only 
slightly overlaps the anterior macromere, A,"] The displacement 
may be described as a rotation of the four micromeres through 
an angle of 45** to the right [the embryo being viewed from 
above], atid the cleavage as a whole may be characterized as a 
right-handed spiral — i.e. following the hands of a watch. 

I have examined the transition from the four-celled to the 
eight-celled stage with especial care, in order to determine if 
possible whether the rotation of the micromeres (which is a very 
common phenomenon in other animals) is a purely mechanical 
process caused by pressure, etc., or is rather a result of the 
internal phenomena of division. The result leaves little doubt 
that external mechanical causes cannot be regarded as the only 
cause of the rotation, since the nuclear spindles show the spiral 
arrangement before there is any external sign of division. Fig. 7 
(from a hardened and stained specimen) shows a four-celled 
stage from the upper pole, immediately before the division. The 
upper poles of the spindles are represented by the centres of 
the stars, the lower by the small circular outlines. Of the four 

1 Von Wistinghausen asserts that they give rise only to the cerebral ganglia with 
their appendages, and hence terms them *' encephaloblasts." If this be true, the 
development of N, Dutnerilii must differ to an extraordinary degree from that of 
the American species; but it appears to me that v. Wistinghausen gives very little 
evidence in support of his conclusion. (See p. 435.) 
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spindles only that in C has a radial position. The other three 
are oblique, and already show clearly the direction of the future 
divisions. Figs. 8 and 9 represent in two positions an embryo 
in the closing stages of the division, and show the increased 
obliquity of the spindles. Figs. 10, 11, 12 are the completed 
eight-celled stage. The primary cause of the rotation^ therefore^ 
lies within t/te cells , though it may be heightened by external 
causes operating at the time of division, or subsequent to it 

It is an interesting fact that the two posterior micromeres, 
^ and d\ are usually (but I believe not always) formed slightly 
earlier than the others. This is the first indication of a ten- 
dency, henceforward more and more marked, towards an accel- 
eration of development in the products of the two posterior 
macromeres, which may be followed up to a late stage. This 
fact, which has been observed in embryos of several mollusks 
and polyclades, is especially noteworthy in the case of Nereis^ 
since the anterior of the two primary blastomeres is always the 
first to divide (again as in some mollusks and polyclades) ; and, 
moreover, it is the posterior region of the annelid that in later 
stages longest retains the embryonic character. 

4. The Fourth Cleavage (Figs. 13 to 18). 

The fourth cleavage, which takes place about two and one- 
half hours after fertilization, is of extreme importance, since of 
the eight new blastomeres five can be identified as definite pro- 
toblasts, each of which form a new point of departure. The 
essential features of the cleavage are as follows : The four 
micromeres divide unequally in a right-handed spiral, while the 
four macromeres divide unequally in a left-handed spiral. An 
examination of Figs. 13 to 17 will obviate the need of a detailed 
description. The four smaller cells derived from the micro- 
meres {a^- \ b}' ^ c}' ^ d}' ^) (blue) are the parent-cells of the proto- 
trochy and hence may be termed troc/ioblasts. 

The four new cells derived from the macromeres {c?^ ^, ^, cP 
or X) may be called the second group of micromeres. Three 
of them (^, ^, (?) are of nearly equal size ; the fourth {d^ or Xy 
colored brown throughout the plates) is much larger, and will 
henceforward be termed t\vc first sotnatoblast. The three smaller 
micromeres give rise to the stomodaeum and to a portion of the 
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ectoblast of the lower hemisphere. The large posterior fnicro- 
mere or first somatoblast gives rise to the entire ventral plate of 
the larva^ and hence to its prodtictSy the ventral nerve-cord^ the 
seta-sacs^ and probably a portion of the nephridia. 

The position of these cells should be clearly understood iff 
Figs. 14 and 17). The lower hemisphere is occupied by the 
four macromeres, A^ By C, D, which have the same arrangement 
as in the four-celled stage, the lower cross-furrow remaining quite 
unchanged. The nucleus of each lies in its upper portion (Fig. 
17), towards the left side, as seen in side view. Around the 
upper pole lie the four primary micromeres {a\ b\ c\ d^) with 
the four trochoblasts adjoining them. Of the three smaller 
micromeres of the second group (^, b^, ^, ^ lies in the median 
line in front, opposite the cleavage-line between A and B, while 
a? and ^ lie symmetrically, one on either side, a^ opposite the 
cleavage-line between A and D, ^. opposite the corresponding 
line between B and C, The first somatoblast, X^ which has 
assumed an oval form, occupies the posterior region of the 
embryo, opposite the cleavage-line between C and A but some- 
what to the left of the middle line. This slightly asymmetrical 
position of X is not only perfectly constant in this stage, but it 
may be traced for a long time in the progeny of X, Ultimately, 
however, it is rectified, and the numerous descendants of X are 
bilaterally arranged with respect to the median line of the body. 

It is clear, however, that in the sixteen-celled stage the embryo 
is not bilaterally symmetrical. The arrangement of the cells is 
radial, but in such wise that the radii do not pass straight out- 
ward from the principal axis, but are bent to one side. This 
arrangement, which may be termed a spiral symmetry, is re- 
tained up to a late stage. 

Extremely clear optical sections are afforded by the acetic- 
glycerine specimens after staining with Schneider's carmine. 
They show (Fig. 18) that there is no trace of a segmentation- 
cavity, all the cells being accurately fitted together. The 
protoplasm, in such preparation, shows marked differentiations. 
That of the primary and secondary micromeres and of the tro- 
choblasts is granular and reddish in color. In the somatoblast 
the granulation of the protoplasm is coarser and the color some- 
what deeper, so that there is a marked contrast between it and 
the others. In unstained specimens this contrast is still greater. 
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since the protoplasm of the somatoblast assumes a brown- 
ish tint. In either case the somatoblast can always be recognized 
at a glance. In the macromeres the protoplasm is now differ- 
entiated into two distinct portions, separated by a very defenite 
boundary, — an upper granular portion, in which the nucleus 
lies, and a lower clear portion containing the fat-drops. The 
boundary-line is very irregular, since the granular protoplasm 
sends numerous pseudopodia-like processes into the clear sub- 
stance. In living specimens deutoplasm-spheres can still be 
seen in all of the cells, but they have diminished in number 
and are less conspicuous than in earlier stages. 

5. The Fifth Cleavage (Figs. 19 to 26). 

Up to this point all of the blastomeres divide nearly simul- 
taneously at each cleavage. Henceforward the divisions are no 
longer synchronous throughout the embryo. The mosaic char- 
acter of the development comes more and more plainly into 
view, and it soon becomes necessary to consider the cleavage 
not as a whole, but as a series of parallel cytogenies, each of 
which takes its origin in a group of blastomeres as in a single 
protoblast. A definite thirty-two-celled stage is, nevertheless, 
attained, and we may therefore speak of a " fifth cleavage." 

The thirty-two-celled stage is attained by a series of steps 
which follow a definite but not invariable order. Firsts the four 
central micromeres (^^, ^, c\ d^) divide unequally in a left- 
handed spiral (Fig. 19), thus giving rise to four smaller cells 
(^^•2, b^^, c^'\ d^-^ that alternate with the four trochoblasts 
(a^\ d^'\ c^'\ d^'^) and form with them an eight-celled girdle 
that completely surrounds the central micromeres (Fig. 20). 
Every stage of this division may be clearly observed in prepara- 
tion by means of the nuclear figures, which are very large and 
distinct. The spindles have from the first the spiral arrange- 
ment shown in Fig. 19, and the position of the newly formed 
cells is thus predetermined before the parent-cell shows any 
external sign of constriction. 

Second, immediately following the last division (Fig. 20), or 
sometimes simultaneously with it (Figs. 21, 22), the somato- 
blast [X] buds off a small cell (x^) at its right-hand apex, and 
at the same time the two posterior micromeres of the third 
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g^oup (^, d^ are budded forth from C and /?, respectively 
as shown in Figs. 20, 21, 22. The embryo now consists of 
twenty-three cells, of which two are median (Jf, ^, ten are on 
the left side, and eleven on the right side. A study of the 
position of the spindles shows that the two new micromeres 
are budded off in a right-handed spiral like the first set. (The 
nuclear stars and spindles lie, of course, in the granular portion 
of the macromeres.) 

Third, the two anterior micromeres of the third group {cfi, i^ 
are budded forth, in a right-handed spiral, from A and B respec- 
tively. At the same time the four trochoblasts divide in a 
meridional plane (Fig. 23), so that the girdle (colored blue) now 
consists of twelve cells (twenty-nine-celled stage). 

Fourth, the three smaller micromeres of the second group 
(tf*, ^, c^ divide approximately in a meridional plane (somewhat 
oblique), thus completing the thirty-two-celled stage (Figs. 24, 
25, 26 ; the last two, however, are already in transition to the 
thirty-six-celled stage). 

A careful study of the embryo through these changes shows 
that all of the cell-divisions conform to the spiral type. This is 
at once apparent in the divisions of the four macromeres and of 
the four primary micromeres. It is also easily seen in the divis- 
ions of the secondary micromeres {f?, ^, fi, X). Each of them 
divides somewhat obliquely {cf. Figs. 25, 26, 33), so that one of 
the cells lies somewhat lower than the other, and in most cases 
the lower cell is obviously smaller than the upper. The differ- 
ence in size is very great in the case of X and x\ but is much 
less in the case of the others (^H ^'\ Fig. 33). [In the speci- 
men shown in Figs. 25, 26, on the other hand, there is no appre- 
ciable difference in size, but I have never seen a case in which 
the upper cell is the smaller.] If this group of cells be followed 
around the embryo from right to left (against the hands of a 
watch), the upper (larger) cell always comes first ; i.e. the first 
division of the second group of micromeres takes place in a 
left-handed spiral, like the second division of the first set of 
micromeres. 

The division of the trochoblasts, as far as I can determine, 
is meridional and equal ; i.e. of a true radial type, of which the 
spiral type is a modification. 
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6. Third Spiral Division of the Primary Micromeres; Formation 
of the Apical Rosette; Origin of the Second Somatoblast; 
Second Division of the First Somatoblast, 

The strictly spiral period of the cleavage is brought to a close 
by three events. 

(i) The four primary micromeres (^^ b\ ^4, d^) bud forth four 
small cells at their inner angles (at the upper pole), which 
arrange themselves in a very regular apical rosette, the cells of 
which alternate with the central micromeres (Figs. 27, 28, etc.). 
The position of the spindles is the same as in the first division 
of c^, b\ c\ d^ ; i.e. the division follows a right-handed spiral, 
but the character of the division is. very different, since the 
smaller cells are formed at the central instead of the peripheral 
angles of the cells {i.e. towards instead of away from the verti- 
cal axis of the embryo). In this case the spiral character is 
accentuated by the fact that the cells divide in the following 
regular order : ^, d\ a\ ^. I have observed this several times 
in the living embryo, and I have also obtained several prepara- 
tions like Fig. 27, in which the order of division is completely 
shown by the nuclear figures. {Cf also Figs. 25, 26.) At a 
later period the apical tuft of cilia appears exactly at the point 
where the rosette is formed, and there can be no doubt that it 
arises, in part at least, from the rosette-cells. I have not been 
able, however, to trace the connection in detail. An almost 
exactly similar rosette is formed in the polyclade Eurylepta 
(Selenka, No. 22), but its fate is doubtful. 

(2) During the formation of the rosette (or sometimes some- 
what later) the somatoblast buds forth at its left apex a small 
cell {x^ which lies symmetrically with x^ (Figs. 25, 29, 31). 

(3) After a short pause, a large granular cell {Af, Figs. 29, 31, 
33, 34), somewhat smaller than X, is budded off obliquely from 
the left posterior macromere (D). This cell is the second soma- 
toblast or primary mesoblast^ from which the mesob last-bands are 

formed. It lies below X {i.e. anterior to it), and considerably 
to the left of the median line {i.e. the cleavage-line between C 
and D). Its exact position and mode of formation may be seen 
by a comparison of Figs. 29, 31, 33, 47, and 48. 

The formation of the second somatoblast ends the spiral 
period of development, and it is a very significant fact that the 
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close of this period marks also the complete differentiation, not 
only of the germ-layers, but also of many of the protoblasts 
from which the adult organs arise. The segregation of the 
embryonic material is in fact so nearly completed, that this last 
spiral stage may be taken as a new point of departure. The 
embryo (Fig. 29) now consists of thirty-eight blastomeres, as 
follows iff. also the diagram, p. 440) : 

4. The macromeres A^ B, C, D, or entomeres = Entoblast. 

4. The first group of micromeres, d^, ^, c^, d\ 

^M.i ^i.i.a ^.M 31.1.2 
8. The products of thetrochoblasts,^,.,.!^'^,.^.,^;^,.,.^ '^j.,.,' 

4. The four intermediate girdle-cells, a^**, ^-^j c^'^, d^'\ 
4. The rosette-cells, tf^-*, ^•», d^'^ d^'\ 
3. The three smaller secondary micromeres, a'**, ^*, <^, 
3. The stomatoblasts, ««•«, ^^ ^\ 

3. The first somatoblast {X) and its progeny {x\ jfi), 

4. The four tertiary micromeres («', ^, ^, </'), 
I. The second somatoblast or mesomere = Mesoblast. 

38" 

Each of these ten categories of blastomeres might be taken 
as the starting-point for a separate description. Practically, 
however, it will be useful to pursue the general development 
somewhat further before turning to the history of the individual 
cytogenies. The embryo may now be termed a " gastrula," in 
so far as it consists of an "inner" and an "outer" layer. If I 
employ this term, it is, however, solely for the sake of conven- 
ience. The embryo is "two-layered" only in a conventional 
sense. The " outer layer " is a mes-ectoblast in which the two 
constituents are completely separate. The origin of the meso- 
blast in Nereis is ectoblastic (because it forms a part of the 
"outer layer"), or entoblastic (because it arises from one of 
the four entomeres), or neither (because it forms the lip of the 
"blastopore"), according to the reader's preference. 

IV. Transition to the Bilateral Period. 

As far as the development of the permanent organs is con- 
cerned, the transition from the spiral to the bilateral type of 
development is remarkably abrupt. It is only in the peculiar 
changes involved in the formation of a larval organ, the proto- 
troch, that the spiral form of division overlaps the bilateral 
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period and necessitates the recognition of an intermediate stage. 
The formation of the prototroch is, however, so intimately con- 
nected with the first bilateral cleavages of the upper hemisphere 
that they must be described together. 

I. (tf) Bilateral Division of c^ and d^ ; (b) Third division of the 
First Somatoblast ; (c) Fission of t/ie Second Somatoblast 
(Figs. 30-32). 

These three events occur nearly at the same time (about six 
hours after fertilization), though there is a certain amount of 
variation, {a) The first bilateral division always takes place in 
the two posterior primary micromeres {c^ and ^/^), which divide 
transversely into unequal parts, the anterior being the smaller. 
The spindles are exactly radial in position {cf the spindles in 
the same cells in the last spiral cleavage, Fig. 27), and the ante- 
rior cells (r^*, d^'\ Figs. 31, 32, 35) are perfectly symmetrical 
with respect to the second cleavage-plane, which now forms the 
median plane of the body. Since the posterior cells {c\ d^) long 
retain their superiority in size, we may continue to call them 
the posterior primary micromeres. The four cells thus pro- 
duced form, as it were, an arch (Diagram II, p. 396), the ends of 
which rest upon the girdle-cells, while the keystone is formed 
by the posterior rosette-cell {d^-^. 

(b) Meanwhile a curious event happens, the exact nature of 
which I only made out after repeated examination, both of liv- 
ing specimens and of preparations. The first somatoblast (X), 
namely, buds forth a small cell (ar^ from its posterior or dorsjd 
border in the median line. This cell pushes before it the posterior 
intermediate girdle-cell (d^-^, which is thus carried up into t/ie 
arch formed by d\ d^-^, d^-^, c^-^, c^, and loses its connection with 
the girdle (Fig. 31). The girdle is thus reduced from twelve to 
eleven cells, and is interrupted in the median posterior (dorsal) 
line. We shall see hereafter that this interesting occurrence is 
the cause of the median interruption of the prototroch that appears 
to be a common feature of the trochophore larva. As a rule, 
this division of X takes place simultaneously with the bilateral 
division of ^^ d^^ and the sudden transformation of the postero- 
dorsal region is, in the living embryo, an interesting spectacle. 
Sometimes, however, the division of X follows the others, as in 
Fig. 31. 
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{c) In the third place, soon after the events just described, the 
second somatoblast or mesomere divides into equal parts {M.M., 
Figs. 32, 48, 49, 50). These are the primary mesoblasts, which 
give rise to the mesoblast-bands. 

The embryo now consists of forty-two cells. Though a dis- 
tinctly bilateral arrangement is now apparent, the peculiar dis- 
placement of the somatoblasts towards the left is still apparent, 
and it is only gradually overcome as the development pro- 
gresses. 

2. History of the First Group of Micromeres, Origin of the 
Cross and of the Prototroch, 

It will be useful at this point to recapitulate the history of 
the girdle, since it is immediately connected with the origin of 
the prototroch. The four primary micromeres first give rise 
(at the fourth cleavage) to four smaller cells, the trochoblasts 
{a^\ *H c^'^> d^'^) in a right-handed spiral division (Figs. 13, 14), 
and, then (at the fifth cleavage), in a left-handed spiral division, 
to four similar cells alternating with the trochoblasts, which 
may be called the ' intermediate girdle-cells {cO"\ b^^, c^^y d^^. 
Thus a girdle of eight cells is formed that surrounds the cen- 
tral micromeres (Fig. 20). [In the figures the trochoblasts are 
colored a deeper blue than the others.] Later, in the course of 
the fifth cleavage, the trochoblasts divide in a meridional plane 
(Fig. 23), so that the number of cells in the girdle increases from 
eight to twelve. 

When fully formed the prototroch is likewise found to consist 
of twelve cells, and I at first supposed thait they were identi- 
cal with the twelve girdle-cells. Further investigation proved, 
however, that the four intermediate girdle-cells are drawn out of 
the girdle^ and the prototrochal cells are formed from the eight 
remaining cells, derived from the trochoblasts. 

In the eight-celled girdle (Fig. 20) the cells are very regularly 
arranged, two girdle-cells lying opposite each micromere. After 
the division of the trochoblasts, however, the intermediate 
girdle-cells are gradually displaced, so that they first come to 
lie opposite the intervals between the micromeres, and then 
begin to extend up between them {cf Figs. 23 to 30, and Dia- 
gram II). The posterior median girdle-cell is the first to be 
drawn out of the girdle, being pushed up between the products 
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of c^ and d^ by the median division of Xy as already described 
(Figs. 31, 32). 

Shortly after the bilateral division of the posterior micro- 
meres, ^ and d}y a similar bilateral unequal division takes place 
in the anterior pair ^^ and ^ (Figs. 35 to 38, Diagram II). As 
this takes place, the micromeres move apart both from each 
other and from the posterior micromeres so as to form an ex- 
tremely regular and symmetrical cross, the centre of which is 
occupied by the apical rosette. The three remaining intermedi- 
ate girdle-cells (a^\ b^^, c^'^ are at the same time drawn up into 
the angles between the arms of the cross, and thus recede from 
the girdle, though they do not leave it entirely until somewhat 
later. This will be rendered clear by the accompanying diagram 
(No. II). 




Diagram II. 
The shaded cells represent the intermediate girdle-cells and their progeny. 

Nearly at the same time, the entire set of girdle-cells divide 
in a very interesting symmetrical manner, which is illustrated 
by the diagram and is shown in Figs. 35, 36, 39. In Diagram 
II, A {cf. Fig. 35) the direction of the division-spindles is shown 
by the arrows. Diagram II, B {cf. Fig. 39), shows the result. 
It will be seen that each intermediate girdle-cell divides in a 
somewhat oblique plane, and is at the same time completely 
drawn out of the girdle. The products of the trochoblasts 
meanwhile divide in such wise that in each pair of cells one 
divides horizontally and one vertically, in regular succession in 
a left-handed spiral around the girdle. Thus each of the origi- 
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nal trochoblasts gives rise to four cells, of which three remain in 
the prototroch, and the fourth lies above it in the upper hemi- 
sphere of the larva. The twelve prototrochal cells thus fall 
into four groups of three each, which are at first distinctly 
separated from each other iff. Figs. 38, 41). The gaps soon 
close up, however, excepting tlu posterior^ which persists as the 
well-known interruption in the median dorsal {posterior) line. 

The examination of a large number of embryos has led me 
to believe that this law of division is perfectly constant. The 
order of division varies considerably, as is shown in the figures. 
Thus in Fig. 32 some of the posterior girdle-cells have already 
divided, while the anterior micromeres and girdle-cells are still 
quiescent, and only occasionally is a specimen found that shows 
the divisions as completely as in Figs. 35, 36. The division- 
planes, however, appear to vary only within very narrow limits. 

The following scheme shows the derivation of the proto- 
trochal cells and brings out certain curious points in their mode 
of origin (see also the general cytogenetic tree, p. 382). 




Anterior. 



i.*i =/T : ^9 = ^1.1.1.8 \ 
r ai-i'i'i=/» ji ^6 = ^1.1.1.1 J 

Wi r</i.L 1.1=^11 S ^a = ^i.i.LiJ 






.31 



Right. 



f^^MOi r ^1.1.1.1=^11 



(0 



/I = ^l.l.*l\^ ^1.1,2 

Posterior. 



An inspection of this scheme brings out the fact that al- 
though the prototrochal cells are bilaterally symmetrical in posi- 
tion, they are not so in origin, since the brackets on the two 
sides do not correspond. The unlettered lines lead to the cells 
expelled from the prototroch in the horizontal divisions {ff. 
Figs. 27, 35, 39). 

The significance of the prototroch-formation remains to be 
seen, since nothing is known of the phenomena in other forms. 
The nuniber of prototrochal cells has not hitherto been deter- 
mined with certainty in a single form. Hatschek (No. 10), 
confirmed by Fraipont (No. 8), describes the prototroch of Poly- 
gordius as consisting of numerous cells. Von Drasche (No. 5) 
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gives several figures of the larva of PomatoceroSy in which the 
numbers of the prototrochal cells are respectively 19, 18, 17, 
and 1 5, but he does not appear to have given special attention 
to the point. In Eupomatns Hatschek figures specimens with 
10, 9, and 8 prototrochal cells, but makes no mention of their 
number in the text. Kleinenberg states that in Lopadorhynchus 
there are usually fourteen nuclei in the prototroch (the cell- 
outlines could not be distinguished). The only form that I 
have carefully examined, besides Polygordius and NereiSy is 
Hydroides {Serptdd) dianthuSy Verrill, in which the prototro- 
chal cells of the young free-swimming trochophore are eight in 
number. 

It is easy to suggest comparisons between the eight-celled 
prototroch of HydroideSy the eight-celled girdle of NereiSy the 
eight series of vibratile plates in the Ctenophore, etc., but such 
comparisons have no value on account of the paucity of data. 
It would, however, be very interesting to investigate the com- 
parative development of the prototroch, for it is certain that 
the cells vary in number in different annelids. If Kleinenberg 
has correctly determined their number in LopadorhytichuSy it 
would seem that they must arise by a different law of cell- 
division from that of NereiSy since the number of cells is not a 
multiple either of three or of four. 

It will be convenient to proceed directly to a brief sketch of 
the later history of the prototroch. The original girdle lies 
considerably above the equator of the embryo, but the proto- 
trochal girdle gradually passes downwards until it takes a nearly 
equatorial position. The cells become somewhat elongated and 
numerous vacuoles appear in them. About the tenth or eleventh 
hour the cilia appear and the larva begins to rotate slowly (Fig. 
60). As in the case of many other annelids, the cilia are put 
forth through pores in the egg-membrane, which appears to 
persist as the cuticle of the adult worm. The development of 
the cilia is very sudden, the operation requiring only a few 
minutes. At the same time the apical cilia are put forth in the 
following curious manner. The egg-membrane is at this period 
separated from the upper side of the embryo by a considerable 
space. A narrow process is now rather suddenly put forth 
from the middle of the upper hemisphere (Fig. 60). This 
process is extended until it comes into contact with the mem- 
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brane, over a small area from which the cilia are immediately 
put forth. At this stage the embryo recalls the larva of Sipun- 
cuius at the time of the amnion-formation (see Hatschek, No. 
11). The space surrounding the apical tuft is, however, soon 
obliterated, and the larva again becomes spherical and closely 
surrounded by the membrane. It seems possible, nevertheless, 
that this peculiar process may give the key to an explanation 
of the origin of the amnion in other forms. 

The prototrochal cilia are put forth from the large cells alone 
and not from the adjoining smaller cells. Nevertheless, the 
girdle of large cells is accompanied by a second girdle of smaller 
cells lying just above it. It is only in later stages that this 
auxiliary row becomes clearly defined (see Figs. 7T^ ^S, 82), 
when the cells are found to correspond accurately in number 
and position with the large cells. I much regret my failure to 
determine their origin, and this is one of the greatest gaps in my 
work. Their precise correspondence in position with the large 
cells makes it seem probable that they are derived from the 
latter by horizontal divisions; but, except in the case of a^-^-^, 
^1.1.2^ ^1.1.2^ and d^'^-^, I have never seen the least evidence of such 
a division, although a large number of embryos were examined 
to determine the point. This may perhaps be taken as indirect 
evidence that the auxiliary cells are differentiated from the cells 
of the upper hemisphere — i.e. from the products of the inter- 
mediate girdle-cells and from the four arising by the horizontal 
divisions of a^-^^, etc. This conclusion is, however, of too great 
importance to be accepted on purely negative evidence and 
must be tested by future research. The origin of the ring- 
nerve and of the ring-muscle I have not yet studied. 

V. Bilateral Period of Cleavage. 

With the completion of the prototroch, the cleavage loses 
every trace of the spiral symmetry of earlier stages, and becomes 
strictly bilateral. The median plane, with respect to which the 
bilaterality manifests itself, is the plane of the second cleavage, 
which finally persists as the median plane of the adult body. 
Hence the appearance of the bilateral divisions is the first defi- 
nite step in the long series of changes by which the spirally 
symmetrical embryo is converted into the bilateral adult. 
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Nevertheless, although the form of cell-division is strictly 
spiral up to the thirty-eight-celled stage, an adult bilaterality is 
foreshadowed, long before the bilateral divisions begin, in the 
arrangement of the cells. The anterior macromeres are sym- 
metrically placed with reference to the future median plane, and 
so in a certain sense are the primary micromeres, though this is 
somewhat obscured by their rotation to the right. I may call 
especial attention, however, to the fact that they gradually move 
back into their original position iff Figs. 20, 23, 28), and are 
thus symmetrically placed, with reference to the median plane, 
before the close of the spiral period. This proves that the rota- 
tion is but a temporary effect of mefhanical conditions^ and hence 
has no morphological meaning. 

Up to the close of the spiral period, however, the embryologi- 
cal material is not equally distributed on either side the future 
median line, mainly on account of the storage of the substance 
of the somatoblasts in the left posterior macromere. Upon the 
separation and transference of this substance to the middle line^ 
the asymmetry disappears^ the posterior pair of entomeres being 
equal y like the anterior pair iff Figs. 47, 48, 51, SS-S7> 86). 
Immediately afterwards the bilateral divisions begin. This I 
believe to be one of the most significant and important points in 
the entire ontogeny. 

I. General History of the Upper Hemisphere. Origin of the 

Head-Kidney, 

The first bilateral division of the four primary micromeres 
and the origin of the cross have been described at p. 395. Atten- 
tion may be again called to the fact that the division of the pos- 
terior micromeres (c^, d^) takes place some time before that of 
the anterior pair (^^ b^). The second bilateral division of c^ and 
d^ gives rise to a pair of cellsy from which arise the head-kidneys ; 
I shall therefore term them the cephalic nephroblasts. These 
cells (Figs. 37, 38, c^'^y d^-^f colored orange) are smaller than c^ 
and d\ and from the first differ from them in structure, the pro- 
toplasm being clear and watery, and showing a marked tendency 
to vacuolation. Shortly after this division of c\ d^, the anterior 
pair of micromeres {a\ b^) divide in a similar manner (Figs. 39, 
40), giving rise to a^* and b^-^ respectively. At this time the 
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upper hemisphere contains a beautiful and symmetrical cross of 
cells, the four arms of which, inclined at an angle of 45'' to the 
median plane, are the products of the four primary micromeres, 
a^ d*, r^, d^ respectively. The centre of the cross is occupied by 
the apical rosette, and each arm consists of three cells, the ter- 
minal of which is larger than the others, like a teloblast, and 
may still be regarded as the parent micromere. For the sake of 
brevity, I shall henceforward call them the pole-cells of the cross. 
The middle cell of each posterior arm is the nephroblast (hence- 
forward designated as n). 

The pole-cells still lie in contact with the prototroch ; the 
interspaces between the arms of the cross and the prototroch 
are occupied by the descendants of the intermediate girdle- 
cells, which I have not succeeded in following in detail beyond 
the stage shown in Fig. 41. 

The later history of the cross may be briefly treated. Both 
the pole-cells and their derivation continue to divide bilaterally 
as long as the individual cells can be followed ; but, owing to 
the appearance of longitudinal divisions (/>. parallel to the arms 
of the cross) in the cross-cells iff. Figs. 40, 41), and to divisions 
in the descendants of the intermediate girdle-cells, the outlines 
of the cross become less distinct and finally quite indistinguish- 
able. The pole-cells likewise ultimately disappear ; the anterior 
pair are lost first, while the posterior pair persist, and continue 
their symmetrical divisions up to a late period (Fig. 59). 

The second bilateral division of tf^ b^ is accompanied by an 
oblique division of ^^-^ rf** (Fig. 39). This is followed by the 
third bilateral division of ^, d^ (giving rise to r^ -^ d^-^^ Fig. 40), 
which is nearly longitudinal (with respect to the arms of the 
cross). At the same time, dS-^ and b^-^ divide longitudinally 
(Fig. 40). Next, ^^-^and b^-^ divide in the same plane (Fig. 41), 
and a little later the anterior pole-cells divide (Fig. 41) in an 
approximately transverse plane. 

At this stage each of the original primary micromeres has 
undergone three spiral and three bilateral cleavages, in the last 
four of which the posterior pair (r^ d^) invariably preceded the 
anterior pair. Beyond this point I have not been able to follow 
the anterior pair (tf^ d^), since they become lost amongst the 
surrounding cells. The fourth bilateral cleavage oi c\ d^ (giving 
rise to c^'^, rf^ -^ Figs. 42, 43, 44) is nearly at right angles to 
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the last, as shown in the figures. Later bilateral divisions of 
c^y d^ are shown in Figs. 45 and 59, but I have not followed 
them in detail beyond the seventh division. There can be no 
doubt that the cross gives rise in large part to the cerebral 
ganglion. For a further account of it see p. 421. 

The descendants of the intermediate girdle-cells have mean- 
while continued to divide so as to fill the interspaces of the 
cross, but I have thus far not attempted to follow this history 
in detail. 

2. History of the Head-Kidney. 

We may now return to the history of the cephalic nephro- 
blasts (r^•^ d^\ From their first formation these cells are 
overlapped by the adjoining cells, and as the development pro- 
ceeds they soon sink below the surface, and are finally entirely 
covered in (Figs. 38 to 45). The protoplasm meanwhile be- 
comes clear and vacuolated and shows so marked a contrast to 
that of the adjoining cells that after a little practice the nephro- 
blasts may, in good preparations, be distinguished at the first 
glance. In the Schneider-acetic preparations every stage of the 
enclosure may be clearly followed, especially in the side-views, 
where the exact relation of the nephroblast to the adjoining 
cells may be seen in optical sections by rolling the embryo 
from side to side. The nephroblasts meanwhile become more 
elongated and somewhat pointed at the ends. After sinking 
below the surface they slowly migrate outwards and downwards 
towards the prototroch, forcing their way between the outer 
layer of cells and the four entomeres. In this way they pass 
downwards until they lie quite in the lower hemisphere below 
the prototroch (Figs. 74-76), where the remainder of their 
development is accomplished. 

After taking up its position below the prototroch (Fig. 75) 
the nephroblast rapidly elongates, extending itself forwards and 
backwards between the outer cells and the entomeres. It is 
thus converted into an elongated organ which extends about 
half-way around the body (Figs. 62, 63, 75-77, 79, 80-84). 

Mention has already been made of the vacuolation of the 
protoplasm of the nephroblasts. As far as I have observed, 
the vacuoles always appear at one side of the cell (Figs. 74, 75), 
the nucleus being crowded to one side. As the nephroblast 
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elongates (Fig. 76), the vacuoles coalesce so as to form a sinu- 
ous canal in the protoplasm. As the elongation proceeds, the 
canal becomes narrower and more distinct, and the head-kidney 
is thus converted into a slender tube (Figs. Jj^ 81, 82). Up to 
the stage shown in Fig. j6 the head-kidney is certainly unicellu- 
lar ; whether the nucleus divides in later stages I cannot say. 

When fully formed, the head-kidneys entirely surround the 
body and again lie partly inside the prototroch, as in Fig. 82. 
Near their anterior ends (which appear always to overlap, as 
shown in Fig. 79), they expand somewhat and then taper 
to a blunt point. Their posterior ends (Figs. 6j to 70) are 
pointed and terminate near the gap in the prototroch. In the 
latest stages in which I have observed it (Fig. 89) the head- 
kidney lies completely inside the prototroch, considerably flat- 
tened against the cells of the latter. Its ultimate fate remains 
undetermined.^ 

1 1 have termed this organ the head-kidney only with a certain reservation, since 
I have not succeeded in observing any evidence of cilia in the cavity, or any sign of 
an external opening. It is, however, very difficult to explore the interior of the organ 
in the living embryo on account of the confusion produced by the active vibrations 
of the prototrochal cilia; and the external opening of the head-kidney in other forms 
is notoriously difficult to see. The only other structures with which it might be con- 
founded are the ring-nerve and the ring-muscle, with the appearance of which in 
other annelid trochophores I am familiar. Neither the effect of methyl-blue nor of 
osmic acid gives decisive results. The protoplasm shows no longitudinal striation, and 
the canal always distinctly appears. 

It should be added that I have not been able to see either ring-nerve or ring- 
muscle in the Nereis trochophore. That the muscle is really absent is indicated by 
the fact that the prototrochal region is never contracted either in preserved speci- 
mens or in living larvae, however the latter may be stimulated. 

In view of the peculiar mode of origin of the "head-kidneys," I may be 
permitted a few words of explanation. I had observed various stages of the enclosure 
and migration of the nephroblasts in scores of specimens before realizing the true 
nature of the process, for such a migration seems from an a priori point of view so 
improbable that the possibility never occurred to me, especially as I had looked for 
a wholly different origin for the head-kidney. In the earlier stages I had often 
observed the nephroblasts projecting below the ectoblast, and in later stages the 
developing head-kidneys lying below the prototroch. The disappearance of the 
nephroblasts from their original position I supposed to be caused simply by their 
withdrawal into the ectoblast. I was led to the discovery of what actually occurs 
first, by my failure to account for the nephroblasts in the surface-views, and second, 
by finding stages like Fig. 74, where the nephroblast lies directly inside of the proto- 
troch. A careful examination of the preceding stages soon showed every transition, 
and I believe that whatever doubt may exist as to the nature of these organs, there 
can be none as to their mode of origin. 



Digitized by 



Google 



404 WILSON. [Vol. VI. 

Before leaving the head-kidney I may add that the vacuola- 
tion and granulation of the prototrochal cells suggest that they, 
too, may possess an excretory function, as has been pointed out 
by Hatschek in the case of Polygordius (No. lo). The marked 
tendency to vacuolation in the post-trochal cells (unfortunately 
I am not able to state whether the vacuoles exist in the living 
embryo) suggests a comparison with the so-called external or 
post-velar excretory cells of the molluscan veliger, with which 
they agree in position. In the Mollusca the cells of the velum 
itself are often extensively vacuolated, and it has been suggested 
(for a review of the literature see McMurrich^ No. 17) that the 
velar cells, the post-velar cells, and the head-kidneys originally 
formed part of one system concerned especially with the excre- 
tion of waste matters produced by the intense activity of the 
velar cilia. In the Mollusca the post-velar excretory cells and 
the head-kidney replace one another {i.e. do not occur together). 
In Nereisy if the comparison has any value, the three coexist 
side by side, and possibly represent the primitive condition of 
the trochophore larva. 

VI. History of the Somatoblasts. Origin of the Ven- 
tral Plate and of the Mesoblast-bands. Closure 
OF the Blastopore. Development of the Stomo- 
DiEUM. (Plates XVII and XVIII.) 

We turn now to the history of the lower hemisphere, in the 
course of which the most complicated and interesting events of 
the ontogeny take place. These events are so intimately bound 
together that it will be necessary to give first a brief resuvii. 

The boundary between the upper and lower hemispheres is 
formed by the prototroch which, as has been shown, is a prod- 
uct of the first group of micromeres. The superficial cells of 
the lower hemisphere are therefore wholly derived from the 
second and third sets of micromeres and from the products 
of the second somatoblast. 

After the formation of the second somatoblast {ue, at the end 
of the spiral period, Figs. 29, 31, 33, 49) there are in all fourteen 
of these cells, viz. : — 

The three smaller secondary micromeres and their progeny 
{p^\ ^, *2.i, ^^, ^.1, ^. 
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The first somatoblast (X) and its progeny (r^, x^. 

The third group of micromeres (ffi^ ^, ^, d^. 

The second somatoblast (M), 

Thearrangementofthese 
cells with respect to the 
blastopore is shown in Dia- 
gram III. The entomeres 
are considerably more than 
half enclosed by the other 
cells (Figs. 33, 34), and the 
open space may be called 
the blastopore. It will be * 
seen from the diagram and 
from a comparison of the 
figures, that the blastopore 
is somewhat asymmetrical, 
and that its hinder lip 
(which is formed by the 
second proteloblast) lies 
somewhat posterior to the 
lower pole (which lies in 
the middle of the cross- 
furrow). The closure of the blastopore takes place precisely at 
the lower pole (Figs. 55-57) by convergence of the cells from all 
sides^ though the shape and position of the blastopore are such 
that the principal growth of the cells during the closure takes 
place from in front backwards (j.e. as in Rhynchelmis or Clepsincy 
and not as in Lumbricus), 

The margin of the blastopore is formed at first by all of the 
cells of the lower hemisphere excepting;?:* {cf Diagram III and 
Figs. 25, 26, 31, 33). As it narrows (Fig. 56), its anterior and 
lateral margins are formed in part by the descendants of cfij ^, ^, 
and d^^ and in part by three large cells {st) which give rise in 
large part at any rate to the stofnodceum, and may^ therefore^ be 
called stomatoblasts. The stomatoblasts, for reasons to be here- 
after set forth, I believe to be the cells c?^, li^'\ and ^^, or their 
derivatives. 

The posterior lip is fortned by a group of small cells that are 
budded forth from the primary mesoblasts derived by the bilat- 
eral division of the first somatoblast (Figs. 56, 57). These cells 
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afterwards become pigmented {see figures of later stages) and are 
finally pushed into the interior to form a part of t/ie mesoblast^ 
the remaining portion being formed from the residue of the pri- 
mary mesoblasts. The mesoblast, therefore^ arises from the poste- 
rior lip of the blastopore. 

Meanwhile the first somatoblast undergoes an extraordinary 
series of the divisions, quite constant in form and order, which 
give rise to the cells of the ventral plate. The cells thus 
formed grow forward and cover in the primary mesob lasts ^ com- 
ing into juxtaposition with the small cells {budded from the pri- 
mary mesoblast) t/iatform the posterior lip of the blastopore^ and 
that afterwards give rise to the pigment-area. 

Thus the ventral region consists of two distinct portions, viz. 
(i) an anterior portion derived from the primary mesoblasts, 
and (2) a much larger posterior portion, the ventral plate proper, 
derived from the products of the first somatoblast. After the 
mesoblasts have budded several times at the surface and are 
entirely covered in, the character of their division changes, 
each divides into two somewhat unequal parts (Figs. 61, 63), of 
which the lower (mesial) is somewhat the larger. By continued 
divisions (Figs. 79-82) the two cells on each side give rise to 
the two mesoblast-bands, which are continuous below with the 
superficial cells of the pigment-area (Fig. 70). Ultimately the 
pigment-cells tfiemselves migrate inwards^ and give rise, in part 
at least, to the splanchnic mesoblast (Figs. 89-91). The longi- 
tudinal muscles arise from the mesoblast-bands; i.e. from the 
products of the primary mesoblasts after tlie superficial cells {pig- 
ment-cells) Imve been budded forth} 

1 This account of the mesoblast differs somewhat from that contained in my pre- 
liminary paper, since I at first failed to observe the superficial budding of the primary 
mesoblasts, and described the latter as only sinking below the surface after their 
first division into two. This error of detail does not, however, affect the general 
significance of the phenomena. I may add, at this point, that the essential point 
of difference between v. Wistinghausen's account and my own is that he believes 
some of the small cells budded forth from the primary mesoblasts to be true ectoblast- 
cells which remain at the surface, whereas I believe that all migrate inwards, and are, 
therefore, mesoblast sensu stricto. It appears to me that v. Wistinghausen has been 
unduly influenced by Kleinenberg's views on this point, and I believe that N, Dum- 
erilii is a far less favorable object for the investigation of the question, on account of 
the lack of the pigment. My own studies are, however, not yet concluded, and I 
hope to study other forms before publishing further accounts of the facts in Nereis, 
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I. The First Somatoblast. 

Nothing in the development of Nereis has excited my interest 
in a higher degree than the history of the first somatoblast, 
which undergoes a long series of divisions, continually changing 
in their character, comparable in regularity and precision with 
the cleavage of the ovum itself. I have followed these changes 
many times, both in the living embryo and in preserved speci- 
mens, and am convinced that the order and form of the divisions 
are almost absolutely constant. Their character is such, more- 
over, as to bring to the foreground some of the most interest- 
ing problems in the mechanics of cell-division. 

The first three divisions have already been described, but may 
briefly be reviewed. The somatoblast ^rj/ buds off a small cell 
{x^) at the right side (Fig. 20), second, a similar cell (jt^ at the 
left side (Fig. 29), and third, a third cell {x^ in the median pos- 
tero-dorsal line (Fig. 31). These three cells are approximately 
120** apart, and are nearly, but not quite, symmetrical with respect 
to the median line {cf. Figs. 32 and 48). The fourth division 
cuts the somatoblast into equal parts (Figs. 37, 38, PL XVI ; 
50, 51, PI. XVII), which are nearly symmetrical with respect to 
the median plane, but always show a slight displacement towards 
the left. These two cells I shall call the posterior proteloblasts 
{XX). At the fifth division (Figs. 52-54) each of the pro- 
teloblasts buds forth a smaller cell {x^, x^) at its anterior extrem- 
ity. At the sixth division (Figs. 42, 43, PI. XVI) each buds forth 
a small cell {x^, x^) at its outer margin. At the seventh division 
(Fig. 54) two small cells (pfi, x^ are budded forth at the latero- 
posterior angles.^ At the eighth division (Figs. 46, 56-58) each 
proteloblast divides longitudinally into two equal parts {XXXX), 
The four cells thus formed I shall call the posterior teloblasts. 
Meanwhile x^, x^, x^, and x^, x^ divide transversely, the result 
being shown in Fig. 46, PI. XVI. The order of division varies 
somewhat. As a rule, x^ (Figs. 50, 52) divides first (not x\ as 

1 In regard to this division, there is unfortunately some uncertainty, owing to the 
fact, as I believe, that I overlooked the sixth division in the living embryos, and only 
subsequently observed it in the prepared specimens. That such a division takes place 
at this period in many specimens, there is no doubt. It is possible, however, that 
this is only a variation of the fifth division, though, in view of the precision that in 
general characterizes the behavior of the proteloblasts, I must regard this possibility 
as rather remote. 
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we might have expected) ; but sometimes the reverse is the case 
(Fig- S3)- These are followed by ^, ^ (Fig. 56). At this 
period, therefore, the progeny of the somatoblast are approxi- 
mately seventeen in number, as shown in the accompanying dia- 
gram. I say approximately, because in some cases, at any rate, 



x«— Jf -^ x- X- jr— x» 

/ \ / \ 

\ I I / 



the progeny of x^ and ^ begin to divide before the equal division 
of the two X'% (see Fig. 55), and it now becomes extremely dif- 
ficult to distinguish certainly between them and the cells at the 
side of the embryo derived from the second and third sets of 
micromeres (/.^. ^^, rf*, ^H ^•^). A comparison of the figures 
(43, 46, 54, 55, etc.) will show the anterior ;r-cells passing for- 
wards and growing over the primary mesoblasts. This is shown 
with perfect clearness from the side in optical section (Figs. 71 
to 73, PI. XIX). Actual sections through these stages confirm 
the optical sections in every respect. 

During these stages the primary mesoblasts have budded 
several times, giving rise to the group of small secondary meso- 
blast-cells (Figs. 55 to 57) that form the posterior lip of the 
blastopore. They may be distinguished from the jr-cells by 
their nuclei, which are smaller and appear coarsely granular 
on account of the character of the chromatic network. (In the 
figures, these nuclei are made granular, while the others are left 
clear.) 

The ninth division is shown in Fig. 59. Each of the telo- 
blasts divides transversely into unequal parts, of which the 
smaller is anterior. The inequality in sizp is much less marked 
than in the preceding unequal division, but it is always dis- 
tinctly recognizable. This stage is usually attained from the 
tenth to the eleventh hour, but the specimen figured is thirteen 
hours old. Soon afterwards (Fig. 60) the cilia are put forth in 
the manner already described, and the embryo begins to rotate. 

Up to this point I have repeatedly observed every division of 
the Jf-cells in the living embryos (with the exception of the 
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sixth, as already explained). The movements of the embryo 
now render this impossible, and hence the later changes have 
been studied mainly from preparations, though most of the 
stages have also been observed in the living state. At the tenth 
division (the result of which is shown in Fig. 61) each of the 
teloblasts again divides transversely into two unequal parts, 
the smaller, as before, lying in front. I do not feel certain, 
however, that this division really takes place (z>. I may 
have confounded it with the last), as the cells of the ventral 
plate are now so numerous that it is impossible to trace the 
exact genetic relationships among them. The occurrence of 
such a division is an inference from the fact that the teloblasts 
are found dividing in this manner a considerable time {f.e. from 
one to two hours) after the stage shown in Fig. 59, and the cells 
of the ventral plate are more numerous than before. The point 
(which is mainly of importance in a theoretical consideration of 
the history of the nuclear figures) could easily be determined by 
a re-examination of these stages. 

The eleventh division (the result shown in Figs. 63, 64) is 
one of great importance, because by it the outer pair of telo- 
blasts disappears. Each divides lengthwise into nearly equal 
parts, which can scarcely be distinguished from the remaining 
cells of the ventral plate. I have never succeeded in finding a 
specimen to show the spindles of this division, and hence only 
infer its occurrence from the position of the cells, but I have no 
doubt of its occurrence. The two remaining teloblasts will 
henceforward be called the residual tteloblasts. 

The twelfth division (Figs. 65, (^ marks another important 
step ; viz. the divergence of the residual teloblasts. Each divides 
into unequal parts in the same manner as in the eighth division, 
and the two teloblasts at the same time move slightly apart. 
The interspace is occupied by one or two clear, very thin cells, 
the position of which is clearly shown in the figures, and which 
I shall describe hereafter. Shortly after this division the prod- 
ucts of the two outer teloblasts also divide, one of them trans- 
versely, the other longitudinally. In the very perfect preparation 
figured in Figs. 66 and j6 the four spindles were perfectly 
symmetrical. 

Later divisions. Beyond this point I cannot certainly enu- 
merate the divisions, though I have little doubt that Figs. 67, 
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68, represent the thirteenth. The residual teloblasts continue 
to divide in the same manner for some time, but finally break 
up into small cells indistinguishable from the remaining cells 
of the ventral plate. The latest stage in which I could certainly 
distinguish them is shown in F.ig. 70, but in considerably later 
stages (Figs. 81, 82) a group of larger cells can still be seen on 
either side, which is probably the product of the teloblast, and 
marks the site of its disappearance. During these divisions the 
residual teloblasts move apart so as to leave a triangular space 
between them covered with small transparent cells (dor)^ and at 
the same time they gradually recede from the prototroch towards 
the lower pole. This change of position in the teloblasts is of 
fundamental importance, since I believe the triangular area to 
represent the middle dorsal region of the adult body, and the 
residual teloblasts to mark the posterior limit of the ventral 
plate. Under this interpretation^ therefore^ the recession of the 
teloblcLsts towards the lower pole represents the shifting or bend-^ 
ing of the antero-posterior axis of the larva towards its definite 
position in the adult body. This view is fully discussed at p. 431. 

With the disappearance of the teloblasts the history of the 
first somatoblast may be said to close, and I will here only call 
attention to the side and ventral views of the various stages 
shown on PI. XIX. The later history of the ventral plate will 
be briefly touched upon further on, but I shall defer to a future 
paper an account of the histological differentiation. 

The following diagram gives a general view of the divisions up 
to the disappearance of the residual teloblasts : — 
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2. The Second Somatoblast. Origin of the Mesoblast-bands, 

We may now return to the end of the spiral period of cleav- 
age (Fig. 29) and follow the history of the second somatoblast 
(M). Its mode of formation is shown in Fig. 47 (PI. XVII). The 
spindle, which lies in the granular portion of the macromere A 
is inclined at an angle of 45** to the second cleavage (median 
line), and as the somatoblast forms, it is pushed over towards 
the right so as to lie nearly in the middle line in front of the 
first somatoblast. As a rule the division is completed before 
the formation of jfl, but I have seen some specimens in which 
the two cells were simultaneously formed, and one (Fig. 33) in 
which the somatoblast was completely separated before the 
appearance of the .^-amphiaster. The first division of the soma- 
toblast cuts it into two equal parts. These are the primary 
mesoblasts {M, M., Figs. 49, 50). They are invariably dis- 
placed towards the left — probably, as I conjecture, because on 
the right side (Fig. 48) the second somatoblast abuts against 
the first and there is less resistance towards the other side. 

At the second division each of the primary mesoblasts buds 
forth a small cell at the surface, near its anterior margin (Figs. 
S3, 72. The lessened diameter of the cells in the former figure 
is owing to their rounding out ; in their quiescent state they 
are considerably flattened against the entomeres). Examina- 
tion of many specimens shows that there is a good deal of 
variation in the direction of the spindles, and I found two 
specimens in which one of the spindles was longitudinal, the 
other exactly transverse. The budding of the mesoblasts is 
continued in the same way for a considerable period, until a 
group of small cells is formed, which lie superficially and form 
the posterior lip of the blastopore (Figs. 54-57, 73). They 
become continuous with the anterior cells of the ventral plate, 
but, as has been already mentioned, they can usually be dis- 
tinguished from the ;r-cells, even before the appearance of the 
pigment, by the granular appearance of their nuclei. 

Through this process and by the forward growth of the .f -cells, 
the primary mesoblasts are soon covered in, and lie quite be- 
neath the surface. At the same time the blastopore closes in 
completely (by a process to be described later). A longitudinal 
(actual) section through this stage (passing slightly to one side 
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of the median line and showing two of the entoblast nuclei) is 
shown in Fig. 88, XX. There is no segmentation cavity, and 
the entomeres are everywhere closely surrounded by the one- 
layered ectoblast. The section shows the exact relations of the 
primary mesoblast (J/) to the cells of the ventral plate (t/./.). 
Just anterior to the primary mesoblast is a crowded group of 
cells, some of which lie below the surface and same of which 
contain bluish-black pigment-granules. This group of cells are 
certainly in part the offspring of the primary mesoblast and 
form the beginning of the pigment-area {p.a.) which has so 
great a significance in the later history of the larva. These 
cells I shall call the secondary mesoblast. Close examination 
shows a distinct line of demarcation between the secondary 
mesoblast cells and those of the ventral plate, but this boundary 
is not so distinct as it afterwards becomes. 

The primary mesoblasts continue to bud forth secondary 
mesoblast cells for some time after their enclosure. At length, 
however, the budding ceases and the mesoblasts divide longi- 
tudinally into two somewhat unequal parts (Figs. 6i, 63), of 
which the two mesial cells are the larger. By subsequent divis- 
ions of the same character (Figs. 77-82) each primary mesoblast 
gives rise to a group of cells tliat extends upwards on each side 
along the cleavage-line between the anterior and posterior pairs 
of entomeres y i.e. along the line of the first cleavage and at right 
angles to the prototroch. These two groups of cells are the foun- 
dations of the mesoblast-bandSy which have^ therefore^ from the 
beginning a position at right angles to the margins of the blasto- 
pore ; i.e. at right angles to their direction in Lumbricus^ Clep- 
sincy and Rhynchehnis, 

Meanwhile the pigment-area increases in size and becomes 
very distinctly marked off from the surrounding cells (Figs. 
79-82, XIX). The pigment is at first arranged in two somewhat 
V-shaped masses (Fig. 79), but in later stages these become 
more or less completely connected together and surrounded by 
scattered granules that occupy a fairly-well defined circular area 
at the lower pole of the trochophore. The paratroch is subse- 
quently developed around the margins of this area (Figs. 85, 90), 
and still later the anus appears in the centre of the paratrochal 
ring. Hence the pigment-area represents the posterior extremity 
of the adult body. 
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I have made many actual sections through the pigment-area 
which clearly show the structure of the mesoblast-bands, but I 
figure an optical section (Fig. 70), since it shows much better 
the relations of the parts. The sections show that the cells of 
the mesoblast-bands (^.b) are perfectly continuous with those of 
the pigment-area, from which they are no longer to be distin- 
guished in size. The pigment-cells extend to the surface and 
might be described with Salensky or Kleinenberg as forming 
a part of the ectoblast They are, however, sharply differenti- 
ated from the cells of the ventral plate (z^./.), not only by the 
presence of the pigment-granules, but also by a distinct line 
of demarcation, and the cells do not take the color (Schneider's 
acetic carmine) in quite the same degree. 

In this paper I shall treat very briefly of the later history of 
the mesoblast, since I wish to leave this to a second paper. I 
will therefore give only such a brief sketch of the leading facts 
as will serve to connect the embryonic topography with the larval 
and adult bodies. The pigment-area remains distinct until the 
elongation of the body has made considerable progress (Figs. 
85-89) and the mesenteron has acquired a small cavity. The 
pigment-cells then migrate inwards (Figs. 90, 91) and spread 
out upon the wall of the mesenteron, where their nuclei and out- 
lines can easily be seen in entire specimens mounted either in 
glycerine or in balsam. Every stage in this progressive migra- 
tion may easily be seen, and as the cells pass inwards they dis- 
appear correspondingly from the surface, though one or two 
small pigment-spots remain until a rather late period. The 
anus is finally formed in the middle of the area formerly occu- 
pied by the pigment-cells. 

I have not yet fully investigated this process by means of 
section, and hence must speak of it with some reserve. It is 
possible to suppose that no actual inward migration takes 
place, and that the appearance is caused by the successive de- 
velopment of pigment in the inner cells and its concomitant 
disappearance from the outer. All the appearances, however, 
speak for an actual migration of the cells, and actual sections 
of the earlier stages show the cells of the pigment-area much 
elongated, often with the bodies of the cells lying below the 
surface, with long pointed ends directed outwards. 

The longitudinal muscles (/./«., Fig. 85) are differentiated at 
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a relatively early period, before the inward migration of the 
pigment-cells. For this and other reasons it is nearly certain 
that they arise from the mesoblast-bands, i,e, from the progeny 
of the primary mesoblasts after the pigment-cells have been 
budded forth. They form, at first, a small loose bundle on 
either side dorsal to the seta-sacs, whence they extend them- 
selves over the dorsal region. The remaining differentiations 
of the mesoblast I shall consider hereafter. 



3. History of the Second and Third Groups of Micromeres, 

The last points to be considered in the embryonic develop- 
ment relate to the general history of the second and third 
groups of micromeres, including the formation of the stomo- 
daeum and the general relations of the blastopore. It will be 
convenient to- begin with one of the middle stages, and to con- 
sider the earlier history afterwards. 

At a stage shortly before the closure of the blastopore, three 
cells are always found, symmetrically disposed about the lips of 
the blastopore ; these cells I have called the stomatoblasts {st.^ 
Fig. 56, PL XVII), since from them the stomodaeum is in large 
part, perhaps wholly, derived. One of them {st,m.) lies in the 
middle line in front, wedged into the cleavage-line between A 
and B. The other two (j/.r., st.l.) lie, one on either side, 
opposite the cleavage-lines between B and C, and A and D 
respectively. These cells are easily distinguishable from the 
surrounding cells, not only on account of their size, but also 
because they appear (perhaps on account of their thickness) 
somewhat darker and more granular than the others. 

These cells have certain constant and characteristic relations 
to the surrounding cells, which are shown in Diagram No. IV. 
The space between the median and the left stomatoblasts is 
occupied by a group of smaller cells, most of which, at any rate, 
are the products of ^^ (the left anterior micromere of the third 
group). The corresponding space between the median and right 
stomatoblasts is in like manner occupied by the progeny of ^ 
(the right anterior micromere of the third generation). The 
posterior lip of the blastopore, as has been shown, is formed by 
the secondary mesoblast-cells, budded forth from the primary 
mesoblasts. Wedged in between them and the left stomatoblast 
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is invariably found a larger cell (Figs. 55 to 57), that I for a long 
time mistook for a product of the primary mesoblast, but which 
is unquestionably d^ (the left posterior micromere of the third 
group or one of its progeny), as will be shown later. Corre- 
sponding to it on the other side, adjacent to the right stomato- 
blast, is ^ (the right posterior micromere of the third group), 
and between this and the secondary mesoblast-cells is a cell 
which I believe to be one of the progeny of x\ It will be 
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Diagram IV. 

observed that the margin of the blastopore is not quite sym- 
metrical, since it includes one of the ;i:-cells on the right side. 
This curious asymmetry is, I believe, quite constant, and ap- 
pears to be caused simply by the displacement of the second 
somatoblast towards the left, so as to come into juxtaposition 
with rf^and stL (Fig. 53), and thus separate jr^ from the blas- 
topore. It is by the convergence of this circle of cells that 
the blastopore closes ; and, before taking up the rather compli- 
cated phenomena involved in the closure, I will endeavor to 
trace the origin of the cells in the cleavage. The condition of 
the blastopore at the end of the spiral period has been described 
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at p. 404, and I refer again to Diagram III, which shows its 
marginal cells (ff. Figs. 25, 26, 31, 33, 36, 47 to 48: it will 
of course be understood that in such a Mercator's projection 
some distortion is inevitable, which appears mainly in the exces- 
sive size of cfi, ^, r®, cP), It will be observed that aH i^\ and 
^ lie opposite the respective cleavage-lines between the macro- 
meres, — a point of importance in the subsequent orientation. 
As the closure of the blastopore proceeds, c^\ lf^\ and c^\ 
which from the first lie somewhat outside the others, are, as I 
believe, left entirely behind, so as to form no part of the blasto- 
pore-margin; whereas the other cells are pushed downwards, 
and their descendants form the lip of the blastopore, as shown 
in the Diagram IV. To substantiate this statement I shall be 
obliged to describe the history of the cells somewhat in detail 
by returning to an earlier period. I have shown that, in the 
course of the fifth cleavage, the secondary micromeres {a\ ^, (?) 
divide somewhat unequally, in a left-handed spiral (as seen from 
above), the larger cell (a?^ lf^\ ^•*) in each case lying some- 
what above the other and in contact with the girdle-cells (Figs. 
25, 26, 33, III). In their later divisions (Figs. 36, 45) the upper 
cells divide vertically, so as to give rise to a series of large 
polygonal cells, lying below the prototroch ; these I shall call 
t)\Q post'troc/ial cells {cf. Figs. 75, 76), It is between these cells 
and the entomeres that the head-kidney takes up its definitive 
position and begins to elongate. They are clear, show a marked 
tendency to vacuolation, and it is these cells that I have sug- 
gested at p. 403 may possibly be comparable with the velar or 
external excretory organ of the moUuscan veliger. 

Meanwhile the smaller or lower cells (^^.2^ ^•^, ^^ also 
divide, but in a different manner. The first division is hori- 
zontal (more or less oblique) and also unequal, a smaller cell 
being budded off above, next the prototroch. That this takes 
place in all of three of the cells in the same manner, I only infer 
from their later arrangement ; but I have several times observed 
the actual division, in the manner described, in (?-\ and it seems 
fair to conclude that it holds for the others also. The first divis- 
ions of the third group of micromeres {cfi to d^, which mean- 
while take place, are also horizontal {cf. Figs. 49, 50, S3)- 

We have now arrived at a stage, however (Figs. 52 to 55), 
where ^-^ and a^'^ can with certainty be recognized as the right and 



Digitized by 



Google 



No. 3.] THE CELL-UNEAGE OF NEREIS, 417 

left stomatoblasts respectively. I cannot state as positively that 
^■^ is the median stomatoblast, but I have no doubt that such 
is the case. The first division of (? and d^ is shown fn Fig. 50, 
and the connection between this and our starting-point (Fig. 55) 
is given by Figs. 53 and 54. 

4. Closure of the Blastopore, Formation of the Stomodceum. 

The blastopore now rapidly closes by a convergence of all 
these cells towards a central point, which lies slightly anterior 
to the lower pole, usually about the middle of the cross-furrow. 
The convergence of the cells, which is rather sudden, is brought 
about by a very interesting process, which has superficially the 
appearance of an embolic gastrulation. A marked depression 
appears around the lower pole, bounded in front and at the 
sides by the stomatoblasts and the small cells between them, 
and behind by the cells immediately covering the primary meso- 
blasts. This is shown from the lower pole in Figs. 62, 63, 
XVII, in side-view in Fig. yy ; and the same embryo is shown 
in optical section in Fig. 78. The depression now rapidly 
disappears and the embryo again becomes perfectly spherical 
(as shown in actual section in Fig. 88, XX). This is not 
caused, however, by a bending out of the walls, but by a 
drawing together or convergence of the cells towards a central 
pointy at which a distinct pore is for some time left (see Fig. 
79). The stomatoblasts meanwhile divide radially, and by the 
curious process just described they are drawn together so as 
to form an arc of cells, just behind which appears the pore 
(Fig. 79). The small cells that occupied the floor of the de- 
pression are meanwhile crowded together and entirely change 
their form. Hitherto they have formed a thin pavement-epi- 
thelium over the floor of the depression. Now they are squeezed 
together until they assume a narrow, prismatic form, and form 
a kind of plug {cf Figs. 78, 88) between the stomodaeal arc and 
the primary mesoblast-cells (immediately internal to which lie 
the entoblast-nuclei). The pigment appears in the cells of this 
plug on either side the pore as the convergence takes place^ and 
a comparison of the figures shows from their position that they 
must bcy in large part at any rate, the secondary mesoblast-cells. 

It is an extremely important question, but one well-nigh 
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impossible to decide with certainty, what is the fate of the 
small cells (the products of c? and ^ that lie between the 
stomatoblasts, before their convergence. Do they pass into 
the pigment plug with the secondary mesoblast-cells, and if 
so, do they migrate inwards with them to form a part of 
the mesoblast ? Here we have, as I believe, the only possi- 
bility in the development of Nereis that the mesoblast may 
arise from the ectoblast in Salensky's and Kleinenberg s sense. 
Unfortunately I cannot give a definite answer to this question. 
But after studying a large number of favorable surface-views 
(in which the history of the cells can be traced much better 
than in section), it is my belief that they do not pass inwards, 
for the following reasons : First, some of these cells certainly 
become wedged in between the large stomodaeal cells as they 
converge, while others remain as a group of unpigmented cells 
that lie between the pore and the stomodaeal arc (Figs. 79, 
80, which accurately represent the cells as far as they are visi- 
ble). This group of cells (as shown in Fig. 80) is enclosed by 
the stomodasal arc in later stages, and thus still more definitely 
separated from the pigment-area, and it is certain that if any 
contribution is made by these cells to the mesoblast, it must 
be of minimal amount. 

The stomodaeal arc rapidly enlarges by radial divisions of 
its cells (Fig. 80) and is soon converted into a circle with a 
small opening in the middle which forms the mouth (Fig. 81). 
The cells at the same time assume a columnar or wedge-shaped 
form and are partially overgrown by the neighboring small cells, 
so as to reach the surface only at the lips of the mouth-opening 
iff. Figs. 82, 84, 88). Meanwhile a group of cells {s.g.) arises 
on either side the stomodaeum (undoubtedly derived from it), 
which in later stages forms a pair of glandular masses (?) 
lying at the junction of the stomodaeum (pharynx) and the 
mesenteron (Fig. 92). These may be called the stomoeUBal 
glands, 

I will finally call especial attention to the fact that upon the 
demarcation of the pigment-area, which takes place at the same 
time as the completion of the stomodaeum, it lies in immediate 
juxtaposition to the latter (Figs. 81, 82). The pigment-area, 
however, marks the posterior end of the adult body, and hence 
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the median ventral line of the adult body does not yet exist. 
Mouth and anal area arise side by side in the region where the 
blastopore closes^ though the anus does not break through until 
they have been widely separated. 

In the meantime the remaining descendants of c?^ ^ extend 
themselves over the anterior and lateral regions, between the 
stomodaeum and the prototroch. The smaller cells budded off 
from the median stomatoblast, and also the descendants of 
S^^ become indistinguishably intermingled with them. From 
this group of cells arises the ectoblast surrounding the stomo- 
daeum and forming the superficial part of the body-wall of the 
anterolateral region. The posterolateral region on each side 
(between the margins of the ventral plate and the prototroch) 
is occupied by the descendants of the post-trochal cells (off- 
spring of cP^ on the left side and of ^-^ on the right) and of ^ 
and d\ These cells are continuous behind with the small cells 
that separate the posterior teloblasts from the prototroch ; ue, 
the descendants of :}fi and (.?) of a^, jfi (see p. 410). From the 
latter, as I believe, arise the cells that occupy the triangular area 
between the two residual teloblasts after their divergence. This 
area afterwards forms the middle dorsal region of the trunk. 

The line of parapodia may be taken to represent the lateral 
region of the adult body on each side. Now, the seta-sacs 
(which mark the position of the parapodia) are developed from 
the ventral plate. Hence the cells lying above the ventral plate 
on each side (i.e. the descendants of the post-trochal cells) form 
the lateral portion of the dorsal region of tfie trunk, (This con- 
clusion will be rendered clear by referring to the discussion of 
the axial relations, with the accompanying diagrams, at p. 426.) 

With this my account of the cleavage closes. The general 
relation of the primary blastomeres to the larval and adult 
bodies are shown in the following table : — 
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VII. General History of the Metamorphosis. 

As a considerable time may elapse before the publication of 
the second part of this paper, it seems desirable to give a 
sketch of the structure and metamorphosis of the larva in 
order to make clear its rather peculiar relations to the adult 
body and to justify my orientation of the early stages. 

After the disappearance of the ventral depression the larva 
becomes perfectly spherical, and this form is retained up to the 
time when the stomodaeal arc closes (a stage slightly later than 
Fig. 80, 18 hrs.). After the occurrence of this event the lower 
hemisphere begins to change its shape, becoming slightly flat- 
tened in front (Fig. 82), so that the most prominent point is 
somewhat behind the lower pole, which lies about in the centre 
of the pigment-area. As this marks the first step in the meta- 
morphosis, the general structure of the larva at this stage may 
be briefly described. The entomeres are still undivided and 
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retain their original arrangement {cf. Fig. 86). They are every- 
where closely surrounded by the ectoblast except at the sides, 
where the mesoblast-bands intervene (Fig. 81). The prototroch 
encircles the equator of the embryo; the mouth lies in the 
median ventral line about half-way between the prototroch and 
the margin of the pigment-area. There is no post-oral band of 
cilia, and no ventral ciliated area. The prototroch shows the usual 
interruption in the median dorsal line. On the upper hemisphere 
a pair of eye-spots have appeared, the position of which may be 
seen by a comparison of Figs. 82, 85, 86. On the anterior half 
of the upper hemisphere are five spherical bodies arranged in a 
regular arc, one of them lying in the median line, the others 
symmetrically placed on either side of it. These bodies, which 
I at first mistook for sense-organs, I shall call the frontal bodies. 
Each of them appears to be developed out of a single cell, in 
which appears a clear space like a vacuole surrounded by a 
layer of granular protoplasm. The clear space stains intensely 
with haematoxylin precisely like the contents of the gland-cells 
that occur so commonly in the larvae of other annelids {e.g. in 
Spirorbis or Terebella) ; and from this fact and from their later 
history I am led to regard them as glands. It will be shown 
further on that these bodies are of great importance in the 
orientation of the larva, since they mark the anterior extremity. 

The ventral plate (Fig. 81) is composed of crowded prismatic 
cells. Posteriorly it ends in two distinct groups of cells' (JT, 
Figs. 81, 82), which I believe to be the last traces of the residual 
teloblasts. These groups of cells are separated from the proto- 
troch on each side by a lateral area and from each other by a 
median triangular area, over which the cells are very thin and 
delicate and show a marked contrast to those of the ventral 
plate. The triangular area represents the median portion of 
the dorsal region, the lateral areas the lateral portions of the 
dorsal region of the adult body. The relations of these regions 
to the cleavage-blastomeres have been already given. 

There is still no sign of metamerism or of a body-cavity. On 
the upper hemisphere the ectoblast shows distinctly the begin- 
ning of the supra-oesophageal ganglia in the form of a broad 
transverse thickening of the ectoblast (neural plate), narrower 
in the middle, and extending down on either side to the proto- 
troch. The central part bears the apical tuft of cilia, still in 
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full activity. The approximate outlines of the neural plate are 
shown by the dotted lines in Fig. 86, but there is no distinct 
boundary, the neural plate being indicated only by the greater 
depth of the cells and by their smaller size. 

The head-kidneys now completely surround the body in the 
position shown in Fig. 82. 

At this period the larvae swim very actively, in the usual 
manner, rotating about the vertical axis and exhibiting a very 
marked heliotropism. 

From this time forward I shall employ a different set of terms 
in the orientation (see p. 426 for the grounds on which this pro- 
cedure is based). I shall designate the site of the frontal bodies 
as the anterior extremity, the centre of the pigment-area as the 
posterior, the flattened (anterior) side of the lower hemisphere 
as ventral, and the opposite side as the dorsal. 

The general character of the metamorphosis is shown in PL 
XX. The body gradually elongates in an axis that coincides 
with the original vertical axis {i,e. at right angles to the proto- 
troch), the pigment-area being carried away from the mouth 
and remaining at the posterior end of the body. Meanwhile 
the cells of the ventral plate grow inwards from each side 
towards the middle line between the pigment-area and the 
stomodaeum, which are thus forced apart ; and in the space thus 
formed the two halves of the ventral plate undergo a regular 
process of concrescence along the median ventral line, where 
a distinct seam may for some time be seen in the surface-views 
(Figs. 83, 87). The origin of the median ventral region may 
thus be followed step by step — almost cell by cell — from the 
beginning. On either side the line of concrescence appears a 
distinct thickening, the ventral neural plate, from which arises 
the ventral nerve-cord. Thus the ventral cord arises from two 
separate halves which have at first no connection with the 
cephalic neural plate. 

As the elongation begins, the seta-sacs make their appear- 
ance, and with them is given the first indication of metamerism. 
Those of the first two somites appear first (Figs. 83, 84), the 
dorsal and ventral rami being represented each by a somewhat 
vague rounded mass of cells. Those of the third somite appear 
somewhat later (Fig. 85), about the same time with the differ- 
entiation of the longitudinal muscles. At the same time the 
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setae appear in the two anterior pairs, and the paratroch {par,) 
appears around the margin of the pigment-area. 

The setae are protruded from the two anterior pairs of seta- 
sacs about the fortieth hour (Fig. 89), the others not until a 
considerably later period. This is followed by the appearance 
of the parapodial cirrhi in the second and third somites (they 
are never developed in the first), and at the same time two 
incomplete mesotrochal bands of cilia appear (Figs. 90, 91) at 
the posterior margin of the first and second somites respectively. 

From this time forwards the body rapidly develops into the 
adult condition. About the sixtieth hour (Fig. 91) the anal 
cirrhi {ax,) make their appearance inside the paratrochal ring ; 
at the same time the cephalic tentacular cirrhi {Lc) appear, 
posterior to the prototrochy two new pairs of eye-spots are devel- 
oped, and the setae of the third somite are put forth. The 
somites become distinctly marked off, the parapodia become 
prominent, and the larva now possesses a distinct head and a 
trunk consisting of three somites. 

Certain other details in the larval development demand a brief 
mention. Towards the fortieth hour (or earlier) a granular 
reddish-brown pigment appears in the cells adjoining the large 
prototrochal cells, and to some extent in the peripheral portions 
of the ciliated cells themselves/ The large ciliated cells are 
thus rendered extremely conspicuous (Figs. 89, 90), and may 
easily be counted in the living larvae. The pigment is very 
irregularly distributed, and varies extremely in different individ- 
uals. It is moreover changeable in the same individual, for a 
sudden disturbance seems to cause a contraction either of the 
pigment-cells or of the pigment-granules (chromatophores }), I 
have often observed finely pigmented specimens swimming in 
a watch-glass, which when brought under a cover-glass (still 
actively swimming) at once became nearly colorless. As the 
animal grows older, the girdle of pigment becomes broken up 
into irregular patches, two of which, one on either side the 
head, usually persist until a late stage {cf. Fig. 92). Ultimately, 
however (fifteen days), the pigment disappears. 

About the sixtieth hour (Fig. 90) a number of peculiar sense- 
hairs appear at the anterior and posterior extremities. Ante- 
riorly there is a group of about seven short, stiff, knobbed hairs 
on the apical region (Fig. 90) (the apical cilia have disappeared). 
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In the perianal area a long, stiff flagellum {a.f,) appears in the 
middle line, and on either side of this one or two knobbed hairs, 
like those of the apical region. As the anal cirrhi grow forth, 
these knobbed hairs are borne at their tip (Fig. 91), where they 
remain up to the latest stages I have observed. In connection 
with these sense-organs, mention may also be made of a series 
of pigment spots that appear on either side of the latero-dorsal 
surface, about the middle of each somite. 

In the three-segmented stage, the larva remains for a relatively 
long period (about twelve days), during which the only impor- 
tant external changes concern the development of the head 
(Fig. 92). 

In the first place, the head changes its form, becoming at 
first flattened (Fig. 91) and afterwards elongated, the frontal 
bodies being borne at its anterior extremity, while the prototroch 
becomes interrupted above and below, so that only two lateral 
tufts of cilia remain. At the same time the head becomes dis- 
tinctly marked off from the trunk-region by a constriction that 
lies immediately anterior to the first pair of parapodia, and poste- 
rior to the tentacular cirrhi, and therefore in the lower hemisphere 
of the trochophore. At a later period, a distinct segment-line 
encircles the body at this point (Fig. 92), and the head is com- 
pletely marked off. The mouth lies far anterior to this and in 
front of the tentacular cirrhi, and there is no trace of a division 
between the head and a mouth-segment ("mund-segment "). The 
mouth-segment, therefore, belongs to the unsegmented part of 
the body, and arises morphologically as a differentiation of the 
head, — a result in entire accordance with my studies of Lum- 
bricus. It is to be observed, further, that to the head-region 
belongs, not only the upper hemisphere, but also the prototroch 
and a portion of the lower hemisphere. 

Meanwhile the frontal bodies undergo certain changes of 
form and finally disappear. They are at first spherical, but 
afterwards assume a pear-shape, the clear space extending out 
into the narrower portion, which is perhaps to be regarded as a 
kind of duct. At first separated from each other, they are later 
brought into contact, crowded closely together, and, after dimin- 
ishing in size and becoming distorted in form, they disappear in 
the surrounding ectoblast. 

Meanwhile the tentacular cirrhi grow out into long, slender 
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appendages (Fig. 92). A pair of frontal antennae (/.«.) grow 
forth from the apical region, and a third pair of appendages (//.) 
make their appearance just in front of the mouth. The latter 
differ in form in the two species, being slender and pointed in 
N, megalops^ but blunt and rounded in N. limbata. These appen- 
dages I take to be the "palpi." They, like the antennae and 
cirrhi, bear a number of knobbed sense-hairs, some of which are 
also found on the surface of the head itself. A pair of pigment- 
spots also appear on the lower side of the head. 

On the upper side of the head, the supra-oesophageal or cere- 
bral ganglia appear as an enormous bilobed thickening of the 
ectoblast. They are distinctly posterior to the frontal antennae, 
which extend straight forwards from the anterior extremity of 
the body. Now, the " frontal bodies " are last seen in the 
interval between the bases of the developing frontal anten- 
nae ; i,e, they also are at the anterior extremity. In the spher- 
ical trochophore, however (Figs. 84 to 86), they lie in front of 
the cephalic neural plate^ and in front of the upper pole. The 
upper pole of the troclwpltore^ therefore^ does not coincide with the 
anterior extremity^ but lies in the dorsal region. 

The history of the alimentary canal may be briefly dismissed. 
As the body elongates, the stomodaeum changes its form, becom- 
ing finally drawn out until it reaches the middle of the first 
somite (Figs. 91, 92). The jaws appear within its cavity about 
the fourth day. Meanwhile the mesenteron acquires a cavity, 
which appears as a central space between the entomeres. I 
need not describe the origin of the alimentary epithelium, as 
this has been carefully studied by Salensky and v. Wisting- 
hausen ; but I may call attention to the history of the oil-drops. 
In the undivided egg there are from ten to twenty of the large 
oil-drops. As the segmentation proceeds, the drops in each 
macromere gradually fuse, until only one drop is finally left 
in each. The four oil-drops are arranged in two pairs, the 
anterior of which, contained in the anterior entomeres (A and 
B)y are much smaller than the others. Since the drops do 
not change their position with the movements of the embryo, 
they form an admirable means of preliminary orientation, both 
in living and in preserved specimens. The oil-drops persist 
long after the appearance of the mesenteric cavity (Figs. 90, 91), 
but are finally absorbed. The development of the proctodaeum 
I have not yet fully investigated (see Salensky). 
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I may caU attention finally to the frequency with which the 
three-segmented larva occurs among annelids, — a fact which 
almost tempts one to compare it with the Crustacean Nauplius 
or the three-segmented Pycnogonid larva. In Nereis the three 
segments are well developed by the middle of the third day, 
while the fourth segment does not appear until about the 
twelfth day. During the whole of this period the larva con- 
tinues to swim, though latterly much less actively than at first. 
The same pause after the appearance of the first three seg- 
ments takes place in many other forms, and it is not easy to 
avoid the conclusion that this curious analogy with the Nauplius 
is more than accidental. 

VIII. Axial Relations of the Nereis Trochophore. 

The axial relations of the Nereis larva are of great interest 
and seem to afford new evidence on a number of important 
questions. At first sight they appear to present a number of 
features which are irreconcilable with those of the typical trocho- 
phore {e.g, of Polygordius), When carefully studied, however, 
these peculiarities are found not only to be easily explicable, 
but even to afford new data for a consideration of the axial rela- 
tions of the trochophore in general. In the fully established 
trochopore (Diagram V, A^ E) the mesoblast-bands (dotted) 
extend straight forwards from the pigment-area {p.a.)\ at the 
centre of the lower hemisphere, at right angles to the plane of 
the prototroch. The subsequent elongation of the body takes 
place in the direction of the mesoblast-axis, m ; i.e, parallel to 
the mesoblast-bands ; and the anus is formed in the centre of 
the space originally occupied by the pigment-area. The pig- 
ment-area^ therefore^ represents the posterior extremity of the adt^lt 
body. 

Thus far the larva agrees precisely with the typical trocho- 
phore of Polygordius, Eupontatus, or Hydroides, As soon, how- 
ever, as the ventral plate is considered, we encounter an 
apparent contradiction. For the neural axis, n (which coincides 
with the long axis of the ventral plate, of which the neural 
plates form a part), is parallel to the prototroch, and hence at 
right angles to the mesoblast-axis. For reasons given at p. 436, 
it is impossible to doubt that the posterior teloblasts of Nereis 
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Diagram V. 






A, Early trochophore of Nereis from the left side; a^, ^1, a', a^.i^ ^1.1^ ^1.1^ 
jr*, regions derived from the corresponding micromeres; f.b, frontal bodies; /.</., 
latero-dorsal region; m.d.f median dorsal region; m.^ mesoblast axis; n.^ neural 
axis; »./., cephalic neural plate; p.c., polar cells; p.a.^ pigment-area. The cephalic 
neural plates, the pigment-area, and the mesoblast bands are stippled; the ventral 
plate (product of X) shaded with lines. The dark body is the eye-spot. 

B, Corresponding view of later stage. Beginning of the shifting of the neural 
axis. Concrescence of the ventral neural plates. 

C. Diagram of the three-segmented larva (adult condition). Completion of the 
axial shifting, coincidence of the neural and mesoblast axes. Shifting of the frontal 
bodies and of the cephalic neural plates. 

D. Young larva of Lopadorhynchtis from the right side, before the shifting of 
the axes. 
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{X) are the homologues of the neuro-nephroblasts of the Hiru- 
dinea and Oligochaeta, which lie at the posterior extremity of 
the germ-bands. The position of these teloblasts in Nereis 
must, therefore, also mark the posterior extremity; yet they 
lie in contact with the prototroch, ninety degrees away from the 
centre of the pigment-area. 

This curious discrepancy appears at first sight to be a fatal blow 
for the " Achsenzoologen." It appears to me, however, simply 
to demonstrate the truth of the view urged by Hatschek and 
others that a shifting of the axes takes place in the course of 
the metamorphosis. The discrepancy is due in Nereis simply to 
the fact that the mesoblast axis and the neural axis do not shift 
at the same time. The former takes up its definitive position 
much earlier than the latter, so that the larva passes through a 
transitional period in which the two axes form an angle with 
each other (B). I think it will be easy to show that the precocious 
shifting of the mesoblast-axis is caused by the early concentration 
of the material of the ventral plate in the first sotnatoblast. To 
establish this proposition will require some consideration of the 
gastrulation and trochophore-formation in other annelids. 

It may, I think, be taken as a well-established fact that 
throughout the trochopore series (Annelida, MoUusca) the blas- 
topore occupies primarily the central portion of the lower hemi- 
sphere ("Gegenfeld '*), and its margins are parallel to .the plane 
of the prototroch, which is often well developed long before 
the close of gastrulation. • The mesoblast-bands arise from cells 
(usually, perhaps in the last analysis always, a single pair of telo- 
blasts) that lie symmetrically in a definite position at the lip of 
the blastopore (Diagram VI, A). These cells define not only the 
median plane, but also the posterior region of the embryo, and 
by almost all writers this portion of the blastopore-margin is 
designated as the posterior lip. The closure of the blastopore 
typically proceeds forwards from the posterior lip, in the direc- 
tion of the arrow, its anterior portion usually persisting as the 
mouth, or marking its position. During, or sometimes before, 
the process of closure the mesoblast-cells pass into the cleavage- 
cavity, where they ultimately give rise to the mesoblast-bands. 

Among the annelids the axial relations of the mesoblast-bands 
(and also of the neural bands) with reference to the blastopore 
are of two types, (i) In the first type^ typically represented by 
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Lumbricus (Diagram VI, B) and in a modified form by Rhyn- 
chelmis and the Hirudinea^ tJu primary mesoblasts remain in their 
original position^ the mesoblast-bands are parallel to the original 
lips of the blastopore^ and the embryonic mesoblast-axis persists 
in the adult. The same is true of the neural axis; for the 
neural bands are parallel to the mesoblast-bands, forming with 
the latter the principal basis of the so-called germ-bands. 




r- 



Diagram VI. 

A. Early annelidan gastnila. The mesoblast is shaded. 

B. Horizontal type of the foetal form {Lumbricus), 

C. Vertical type of the larval form {Poiygordius, etc.). 

For the evidence on which this statement rests I refer to my 
paper on Lumbricus (No. 29) and to the well-known researches 
of Whitman and Vejdovsky. 

(2) In the second type^ represented by the Polychceta in general 
(Diagram VI, Q, the primary mesoblasts or their equivalents are 
sooner or later carried downwards until they lie approximately at 
the centre of the lower hemisphere. The mesoblast-bands are 
therefore at right angles to the lips of the blastopore ; i.e. the 
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mesoblast axis if rotated through 90^. The same is true of the 
neural axis. 

The truth of this statement becomes at once apparent on 
considering the development of LopadorhynchtiSy where the ro- 
tation of the axis is effected very late in the development. In 
the young lava (Diagram V, D) the mesoblastic and neural 
bands are horizontal and parallel to the prototroch (ff, Kleinen- 
berg, No. 14). In the course of the metamorphosis both are 
gradually rotated by the downward growth of the dorsal region 
(/.^., m,d) until they are at right angles to the prototroch, 
always y however^ remaining parallel to each other; i.e. the shifting 
of the neural and of the mesoblastic axes takes place at the 
same rate. I call special attention to the fact that the rotation 
of the axis is not ideal, but actual ; it is caused by the more 
rapid growth of the dorsal region, which as it were swings the 
whole ventral plate into place. In Enpomatus the process is 
somewhat obscured owing to the early differentiation of the 
primary mesoblasts and to the fact that the mesoblast-bands are 
not formed until after the axial shifting has taken place. More- 
over, the precise history of the neural plate has not been made 
out. When these facts are taken into account, however, a study 
of Hatschek's figures shows that the axial relations agree essen- 
tially with Lopadorhynchns. 

Viewed in the light of these comparisons the axial relations 
of Nereis are easily intelligible. The primary mesoblasts, as 
usual, lie at the posterior lip of the blastopore, and a com- 
parison of the various figures (e.g. 34, 51, 56) will show that 
during the closure of the blastopore they are shifted somewhat 
downwards and forwards, as is proved by their position with 
reference to the cross-furrow. The actual change of position 
is, however, very slight, since, as the figures show, the mesoblast 
(second proteloblast) is from the first prevented from occupying its 
usual position by the huge mass of the first somatoblast. It is 
accordingly segmented off from the macromere in nearly its 
definitive position.^ 

The shifting of the mesoblast-axis is in fact brought to pass 
primarily by the rotation of the cleavage-spindle {i,e. the plane 
of division), by which the somatoblast is separated from the 

^ The justice of this statement will, I think, be realized after an examination of 
Figs. 47 to 50. XV 11, 
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entoblast, and only secondarily by the subsequent displacement 
of its products. This represents the opposite extreme to Lunt" 
bricus, where the mesoblast retains its original position. Lopa- 
dorhynchus occupies a middle ground. The series seems to me 
an interesting example of the reaction of external mechanical 
conditions on the form of cell-division. 

The problem of inheritance which it involves is touched on 
in a following passage. 

We may now briefly consider the ventral plate. The essen- 
tial points in its history are as follows : At first the entire mate- 
rial of the ventral plate (first somatoblast) lies in the median 
line, quite behind the mesoblast (V, A), By the division of 
the somatoblast into two, and ultimately into four, equal parts, 
this material is equally distributed on either side the middle 
line, though the two halves subsequently become so intimately 
united along the middle line that they can only be distinguished 
posteriorly. Finally, as the body elongates, the two halves of 
the ventral plate grow forward at the sides of the pigment-area 
iff. Diagram V, A, B)y inwards between it and the stomodaeum, 
and undergo a process of concrescence along the median ventral 
line, as described at p. 422. The pigment-area meanwhile is 
carried backwards. (The pigment-area might be said to migrate 
backwards, virtually cutting its way through the middle of the 
ventral plate. The primary cause of the change seems, how- 
ever, to lie in the growth of the ventral plate.) 

Meanwhile the shifting of the neural axis takes place. Men- 
tion has been made at p. 410 of the recession of the residual 
teloblasts from the prototroch. This, I conceive, is caused by 
the increasing development of the dorsal region, which has 
hitherto remained in a rudimentary state, and it marks the 
beginning of the rotation of the neural axis, as shown in Dia- 
gram V, B, I have not been able to follow the recession fur- 
ther than the stage indicated in the diagram ; but v/hen the 
facts of Lapadorhynchus are recalled, it is impossible to doubt 
that the region of the residual teloblasts is ultimately carried 
down to the region of the pigment-area.^ The final condition 

^ This view of the axial shifting is essentially in accordance with the earlier view 
of Hatschek, which he now seems inclined to abandon in favor of the view that it is 
only the mouth and stomodseum that undergo a change of position {Zooio^e, III, pp. 
3I9» 320). 
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is shown in Diagram V, C, where the neural and mesoblast axes 
practically coincide. It is probable that the actual space be- 
tween the residual teloblasts and the pigment-area is never 
obliterated — i.e, that the rotation is completed simply by the 
form of growth as the body elongates. I may point out that 
in Lumbricus also the posterior extremities of the neural and 
mesoblastic bands are separated by a considerable space. This 
shows simply that the posterior extremity is not a geometrical 
point. 

We may finally review in a few words the axial history of the 
upper hemisphere. The facts stated at p. 425 in regard to the 
frontal bodies and the cerebral ganglia render it nearly certain 
that the centre of the upper hemisphere lies in the dorsal sur- 
face and does not represent the anterior extremity. The polar 
cells are extruded at this point, where they persist up to a late 
stage (Fig. 41). There is no doubt that this point coincides 
with the centre of the cross, and von Wistinghausen's observa- 
tions on N, Dumeriliiy in connection with my own, leave little 
doubt that the centre of the cross coincides with the centre of 
the cephalic neural plate, from which the cerebral ganglia de- 
velop. These ganglia, however, lie behind the anterior extrem- 
ity (p. 425, and Diagram V, C), the position of which is nearly 
indicated by the position of the frontal bodies. The anterior 
and posterior extremities are, however, but vaguely defined in 
the early larva. They, like all the other features of the body, 
are only gradually marked out as the development goes forward. 

IX. Comparison with Other Forms. 
I. Comparison with Other Species of Nereis. 

The works of Gotte and Salensky, which have already been 
briefly reviewed at p. 369, are too fragmentary to afford a satis- 
factory basis for a comparison of the early stages with the 
American species, and I shall therefore depend mainly upon v. 
Wistinghausen. Still, both the former authors observed certain 
important points which it is desirable to consider. 

Gotte {N, Dumeriliiy free-swimming trochophore) figures cor- 
rectly the first three cleavages, and gives also the true orienta- 
tion of the embryo. He then describes accurately the formation 
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of the first somatoblast, from the left posterior macromere. 
With this, according to his statements, the separation of the 
germ-layers is completed. The first four micromeres give rise 
to the entire ectoblast, the somatoblast contains the entire mes- 
oblast, while the four macromeres form the entoblast. I have 
given, at p. 371, reasons for regarding this account as erroneous. 
A careful comparison of Gotte's figures with those of Salensky, 
v. Wistinghausen, and my own, renders it practically certain 
that Gotte entirely overlooked the formation of the second 
and third sets of micromeres (the first somatoblast of course 
excepted), and of the second somatoblast or primary mesoblast, 
for which he mistook the first somatoblast. It is impossible to 
believe that the discrepancy is owing to the difference of spe- 
cies, for reasons already given. 

As regards the later stages, I believe Gotte's interpretation of 
the axial relations to be essentially correct. His account of the 
shifting of the axes, of the origin of the dorsal trunk-region, and 
of the relations of the upper hemisphere of the larva to the adult 
head, agree nearly with my own. The one important difference 
relates to the mesoblast-bands, which Gotte describes and fig- 
ures as horizontal, the mesoblast-axis coinciding with the neural 
axis and shifting with it. On this point, again, Gotte is almost 
certainly in error, as shown by the united testimony of Salensky, 
V. Wistinghausen, and myself. 

Salensky (N, cultrifera^ suppressed trochophore) failed to 
observe the early stages of cleavage. He showed, however, 
that the ectoblast does not arise simply from the first four 
micromeres, but is increased by the separation of additional 
micromeres from the macromeres. He figures with perfect 
accuracy the two somatoblasts (Fig. 3 «., PL XXHI, "^" = X^ 
" b*' = M) in their relations to each other and to the blastopore, 
and they agree precisely with the American species. In the 
succeeding stage (Fig. 3 n.c), the fission of the somatoblasts 
takes place exactly at in our species, the second somatoblast 
dividing first. The agreement is so precise and detailed that 
even the cell x^ is shown ("^*' in Salensky's figures) in the same 
position and dividing at the same time as in N. litnbata and N, 
megalops. Nevertheless, Salensky did not succeed in establish- 
ing the connection between these stages and the later ones, and 
hence, misled by Gotte's statements, he is curiously wide of the 
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mark in his conclusions. He correctly describes the mesoblast 
as arising by a proliferation of the ectoblast near the posterior 
lip of the blastopore. This region of the ectoblast, however, he 
supposed to be derived from two large superficial cells (w^., 
Figs. 4 «., 4 n.a,, PI. XXIII ; their relations to the cells "^" 
and " b " of the last stage were not determined), which he cor- 
rectly regarded as homologous to the " primary mesoblasts " of 
Gotte. His figures leave no doubt that these cells are the two 
posterior proteloblasts {Xy X). His conclusions, therefore, dif- 
fer from Gotte's mainly in the form of statement, since he 
regarded the "primary mesoblasts" as forming part of the 
" ectoderm," while Gotte regarded them as of entoblastic origin. 

In my preliminary paper I first showed the true relations of 
the somatoblasts to the germ-layers, and v. Wistinghausen's 
paper (suppressed trochophore of N, Dumerilit)^ which appeared 
soon afterwards, contained a welcome confirmation of my gen- 
eral results. According to this author (whose description of the 
first three cleavages coincides with Gotte's and my own), three 
sets of micromeres are separated from the macromeres, and the 
origin of the somatoblasts is the same as in the American spe- 
cies. He has, however, overlooked the left posterior micromere 
of the third group (rf^), the place of which, as he supposes, is 
taken by the second somatoblast. I am persuaded that this is 
an error, for two reasons ; first, because I also for a long time 
overlooked this micromere, which is very hard to see on account 
of its transparency and its position, wedged in as it is beside 
the somatoblast ; and second, because a precisely corresponding 
micromere is found in the embryo of the gasteropod Crepidula 
(as described by Conklin), the cleavage of which agrees with 
that of Nereis^ step by step, up to the close of the spiral 
cleavage.^ 

Regarding the fate of the somatoblasts, v. Wistinghausen's 
general conclusions agree closely with my own. They differ, 
however, in the interpretation of the "secondary mesoblast," 
which V. Wistinghausen calls the "untere Urzellen des Rump- 
fes," and which, as he asserts, give rise to the anterior portion 
of the ventral ectoblasteal. The primary mesoblasts i^,e, after 
separation of the secondary mesoblast) are called "myoblasts." 
Since the second somatoblast contains ectoblastic as well as 

1 1 have since found this micromere in four other genera of Polychaeta. 
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mesoblastic material, he denies that the two cells arising by its 
fission are "primary mesoblasts/' homologous with those of 
Lumbricus or Clepsine, 

A careful examination of v. Wistinghausen's descriptions and 
figures has not enabled me to discover the evidence on which 
this conclusion is based. His figures prove simply that the 
"myoblasts" {i.e. the primary mesoblasts) sink below the surface, 
as I have described. There is not the slightest indication of the 
fate of the "untere Urzellen des Rumpfes." It appears to me 
that V. Wistinghausen's conclusions have been influenced more 
by the supposed theoretical demands of the views of Kleinen- 
berg than by actual observation. I readily grant that my own 
conclusions are not yet fully established. They rest, however, 
on definite observations, which appear to be more complete and 
satisfactory than those of v. Wistinghausen. 

It is difficult to take as serious v. Wistinghausen's criticism 
on my comparison of the "posterior teloblasts" of Nereis to 
those of the Hirudinea and Oligochaeta. It resolves itself 
simply into this : that this comparison is inadmissible because 
of the lack of distinct cell-rows in the ventral plate (!). It is not 
necessary to waste space by replying to such a criticism. 

The divergence between v. Wistinghausen's results and my 
own becomes more serious when the fate of the micromeres is 
considered ; but it is clear that this is owing largely to the wide 
and obviou«^ gaps in his observations. The first set of micro- 
meres (" encephaloblasts ") give rise, as he asserts, only to the 
cephalic lobes (Kopflappen), from which are produced the cere- 
bral ganglia and the cephalic sense-organs. The second and 
third sets (the somatoblasts of course excepted) "are not con- 
cerned in the formation of the body, inasmuch as they afford 
no essential material for the formation of individual organs or 
their parts." They give rise only to "the epidermis of the 
annelid and an embryonic structure, namely, the prae-oral ciliated 
belt" (/.^., p. 54). These conclusions so obviously rest upon 
incomplete observations that they scarcely demand examina- 
tion. It is clear from v. Wistinghausen's own figures that he 
entirely missed the three spiral cleavages of the primary micro- 
meres, and not one of the divisions of the other micromeres is 
described or figured. His statements regarding the fate of the 
micromeres, the origin of the prototroch, stomodaeum, etc., rest 



Digitized by 



Google 



436 WILSON-. [Vol. VI. 

merely on sections and on general views of embryos prepared 
by unsuitable methods ; and the errors into which he has fallen 
are a striking illustration of the necessity of employing a 
method which will give clear and definite surface-views. 

2. Comparison with Other Annelida. 

Many embryologists have made observations on the early 
stages of cleavage among the Polychaeta, but almost without 
exception these stages were not brought into sufficiently defi- 
nite connection with the larvae and adult structure to admit of 
any detailed comparison with Nereis. The most complete of 
these studies we owe to Hatschek, whose account of Eupomatus 
uncinatus gives a clear view of the general relations of the 
cleavage stages to the gastrula and the larva. Even in this 
case, however, the history of the individual blastomeres is im- 
perfectly known, and neither the relation of the mesoblast to 
the four-celled stage nor the origin of the ventral plate was 
determined. 

I turn, therefore, to the Oligochaeta and Hirudinea, the early 
stages of which have been far more thoroughly studied than 
those of the Polychaeta. As a basis, I shall take Whitman's 
work on Clepsine (Nos. 27, 28) and Vejdovsky's on Rhynchelmis 
(No. 25), and my task is much simplified by the fact that Whit- 
man has himself given a full comparison between these two 
forms, and between Clepsine and the other Hirudinea. 

The eight-celled stage has the same structure, and in all prob- 
ability arises in the same manner, in the three forms, the only 
difference being the much greater relative size of the micro- 
meres in Nereis. (I agree with Whitman that Vejdovsky is 
probably in error in his account of the second cleavage. There 
is no doubt of the exact agreement of Clepsine^ Nereis^ and 
many other annelids on this point.) There is, however, a 
remarkable difference in the axial relations, since in both Clep- 
sine and Rhynchelmis the large macromere marks the posterior 
region, as in the polyclades, and the first two cleavage-planes are 
inclined approximately at an angle of 45" to the median plane 
(see p. 454). 

In Clepsine the large macromere first gives rise to a large 
cell (" neuro-nephroblast '*) and then divides into two " primary 
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mesoblasts " from which the mesoblast-bands arise. The neuro- 
nephroblast divides into two, four, and finally eight cells (telo- 
blasts), from which the outer strata of the germ-bands arise. 
The eight teloblasts arrange themselves in two groups of four 
each ; each of these gives rise to the germ-band of the corre- 
sponding side, which is composed of four corresponding rows of 
cells. Of these rows the lowermost (i.e, the one that ultimately 
lies nearest the median ventral line) gives rise to the corre- 
sponding half of the ventral nerve-cord, and is, therefore, called 
the neural row, the corresponding teloblast being accordingly a 
neuroblast The adjoining two rows were believed by Whitman 
to be concerned in the origin of the nephridia, and were hence 
termed nephric rows,, their teloblasts nephroblasts. The fourth, 
whose history is doubtful, is the outer row, produced by the 
outer or lateral teloblasts. Inside these four rows is the 
mesoblast-band, the whole structure constituting the "germ- 
band." The structure and origin of the germ-band, as thus 
described, has been fully confirmed in the case of Clepsine, and 
I have found an almost precisely similar structure in the germ- 
bands of Lumbricus (No. 29). Bergh (No. i) has confirmed 
both Whitman's account and my own, but asserts that the 
"nephroblasts '* and lateral teloblasts give rise to the circular 
muscles, and hence are to be regarded as myoblasts. 

In LumbricuSy unfortunately, the origin of the neuro-nephro- 
blasts in the cleavage has not yet been determined. In Rhyn- 
chelmisy however, Vejdovsky describes the origin of a group of 
cells that, as Whitman points out, are almost certainly to be 
identified with them, although Vejdovsky did not determine their 
later history. Of these cells there are at first two (" first and 
second mesomeres **) successively budded forth from the large 
macromere. This is followed by the separation from the same 
macromereof a "third mesomere," which divides longitudinally 
to form the two primary mesoblasts. The remainder of the 
large macromere enters into the formation of the mesenteron, 
as in Nereis, The first and second mesomeres divide so as to 
form four large cells lying in the ectoblast at the posterior ex- 
tremity of the incipient germ-bands, and there is scarcely room 
to doubt that these four cells represent the four posterior telo- 
blasts of Nereis and the eight (at one time four) of Clef sine and 
Lumbricus, 
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Now there can be no question that the ectoblastic portion of 
the germ-bands in Lumbricus and Rhynchclmis is the homo- 
logue, on the one hand, of the corresponding portion in the 
Hirudinea, and on the other hand, of that structure in the 
Polychaeta that I have called the ventral plate. In the Hiru- 
dinea and Oligochaeta this structure is from the beginning 
separated into two halves, which subsequently grow together 
along the median ventral line. In the Polychaeta the two halves 
are always distinguishable, but sometimes (as in Lopadorhyfichus 
or in PolygordUis) they develop in their definitive position side 
by side ; sometimes (as in Nereis) they are primarily in contact, 
but secondarily separate and again come together along the 
median ventral line, as in the Oligochaeta. 

It follows that the first somatoblast of Nereis is the homologue 
of the primary neuro-nephroblast of Clepsiney with which it pre- 
cisely agrees both in mode of origin and in ultimate fate. It 
differs only in the fact that it gives rise on each side to two 
instead of four teloblasts. In Rhynchelmis it is represented by 
the first and second " mesomeres " taken together, and it would 
be interesting to determine whether these two are already dif- 
ferentiated from one another (e.g. one a neuroblast, the other a 
nephroblast or myoblast). In Nereis I have been unable to dis- 
tinguish between the products of the inner and outer pairs of 
the four teloblasts ; this may, however, be owing simply to the 
fact that the cell-rows become indistinguishably fused together. 

It is clear without further discussion that the second somato- 
blast of Nereis is the homologue of the ^^ third mesomere'* of 
Rhynchelmis and of the primary mesoblast of Clepsine before its 
division into two. 

Further than this I shall not carry the comparison. It has, 
I think, been shown that representatives of the three leading 
groups of annelids show an extraordinarily precise correspond- 
ence in the cleavage of the ovum, the origin of the germ-layers, 
and the differentiation of the principal elements of the germ- 
bands ; and this correspondence warrants the confident ex- 
pectation that the apparently aberrant mode of development 
represented by Lopadorhynchus will be found to conform to the 
ordinary type when a detailed study of the early stages shall 
have been made. 
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3. General Comparisons with Other Animals. 

It is not my purpose to undertake an extended comparison of 
the cleavage with that of other animals, but there are certain 
resemblances so striking in themselves, and so interesting when 
carefully analyzed, that it is impossible to pass them by. These 
resemblances relate especially to the cleavage of the moUuscan 
and the polyclade ovum, and they are of such importance that 
I give a number of diagrams to set them clearly forth. For the 
sake of condensation I shall pass by most of the earlier litera- 
ture and select as types the development of the Polyclade, 
DiscocoeliSy as described by Lang (No. 15), of the gasteropod 
Neritina (Blochmann, No. 2), and of the gasteropod Crepidula 
(Conklin, No. 4).^ 

Up to a late stage in the spiral period (twenty-eight cells) every 
individual blastomere and every cell-division is represented by 
a corresponding blastomere and a corresponding cell-division in 
the embryo of the polyclade^ and in that of the gasteropod. In 
all three the first two cleavages and the upper and lower cross- 
furrows have the same relations. In all, three groups of four 
micromeres each are successively separated from the macro- 
meres, — the first group in a right-handed spiral, the second 
in a left-handed spiral, and the third in a right-handed spiral, 
like the first. The micromeres of the second and third groups 
alternate with one another so as to form an outer belt of eight 
cells that surrounds the four primary micromeres (Diagram 
VII, A, B), 

In all, the primary or central micromeres likewise undergo 
three spiral cleavages, the first right-handed, the second left- 

* I much regret that I cannot make full use of Conklin*s beautiful studies of the 
gasteropod cleavage, since they have not yet been published in full, llie work has 
been earned on at Wood's HoU at the same time with my own studies on Nereis; 
and to Professor Conklin's courtesy I owe the opportunity to examine his entire 
set of unpublished drawings, and to verify their accuracy in respect to some of the 
most important stages by the study of the original preparations. This is by far the 
most accurate and complete study of the moUuscan cleavage that has thus far been 
made. The resemblance to the Nereis cleavage is so close and extends over so long 
a period as to be most extraordinary. Since, however, the figures may not be pub- 
lished for some time, I am compelled for the present to take Blochmann's Neritina 
as my principal basis of comparison. I may add that, in the course of the past 
summer, Conklin has ascertained that the first cleavage-plane in Crepidula is not 
longitudinal, as he at first described it, but transverse, precisely as in Nereis, The 
preparations he has shown me seem to leave no room for doubt on this point 
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handed, and the third right-handed again. The first two sets' 
of cells thus produced alternate with each other, and thus form 
a second or inner belt of eight cells (C, D. £), interposed between 





B 



Diagram Vn. 

A, Diagram of the polyclade embryo, showing the relations of the micromeres to 
the macromeres. Mesoblast shaded. The Roman numerals designate the cleavage- 
plans. 

B, Corresponding diagram of the Nereii embryo. 

C, Twenty-eight-celled stage of polyclade. 

D, MoUuscan embryo after the differentiation of the germ-layers. 
R, Corresponding diagram of Nereis, 
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the central (primary) micromeres and the outer belt. Finally, 
the second set of micromeres divide meridionally, and in Nereis 
and Crepidula this can be distinctly recognized as a left-handed 
spiral. Thus arise four pairs of cells, with which alternate the 
four micromeres of the third set ; and the outer belt now con- 
sists of twelve cells, which form the lips of the blastopore 
(C, A E). 

All three agree, furthermore, in the meridional division of the 
first-formed progeny of the primary micromeres {a}^'^y b^'\ ^^•^, 
d^^)i so that the inner belt is likewise composed of twelve cells. 
The third spiral cleavage of the primary micromeres gives rise 
to four apical cells (the " rosette-cells " of Nereis, the " Scheitel- 
zellen " of Eurylepta and Discocoelis), which strikingly recall the 
four apical cells of the Echinus embryo (Selenke, No. 23). At 
this point the polyclade diverges from the annelid and mollusk. 
In the former, the differentiation of the germ-layers is complete. 
In the latter two, one further step is taken, by the separation of 
the primary mesoblast-cell from the left posterior macromere. 

The general later history of the blastomeres thus formed is as 
follows : In the polyclade the first group of micromeres gives rise 
to the entire ectoblast, the second and third groups to the mesa- 
blasts the macromeres to the entoblast. In the mollusk and anne- 
lid, on the other handy the second and third groups of micromeres 
give rise to ectoblast, like the first set, and the mesoblast arises 
subsequently. This remarkable divergence between the polyclade 
on the one hand and the mollusk and annelid on the other is a 
fact of capital importance, for it proves that cells having pre- 
cisely the same origin in the cleavage, occupying the same posi- 
tion in the embryo, and placed under the same mechanical 
conditions, may nevertheless differ fundamentally in morpholog- 
ical significance. We cannot escape the conclusion that the 
cell possesses a definite hereditary tendency upon which pri- 
marily its nature depends, however much its outward form or 
mode of division may be affected by the mechanical conditions 
of its environment in the body ; and full weight must be given 
to this heredity in every attempt to interpret the origin and 
meaning of cleavage-forms. 

Let us now pursue the comparison between the annelid and 
the mollusk. Blochmann describes and figures on the upper 
hemisphere of the Neritina embryo a perfectly symmetrical cross 
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of cells, which Conklin has also found in Crepidula, The arms 
of the cross meet at a right angle, in the centre of the upper 
hemisphere, and lie directly above the^four respective macro- 
meres, as in Nereis — ue, they are inclined at an angle of 45** to 
the first two cleavage-planes (see Blochmann's Fig. 53). The 
principal portion of each arm likewise consists primarily of three 
cells, precisely as in Nereis, The resemblance is in fact so pre- 
cise that at first I had no doubt the two were perfectly homolo- 
gous. An exact comparison shows, however, that the cross-cells 
have a totally different origin in the two cases. In Nereis^ the 
four arms arise respectively from the four primary micromeres, 
after the completion of their three spiral divisions, and the 
remains of the four micromeres {a\ b\ c\ d^) persist as the pole- 
cells at the extremities of the cross. The composition of the 
arms is therefore, d^, ^^^•^ a^'^\ b\ b^^y ^-S etc., the centre 
being occupied by the rosette-cells, a^^, ^^•*, etc. {cf. Figs. 37, 
38). In Neritinay on the other hand (accepting Blochmann's 
conclusions), the arms are derived from the second set of micro- 
tnereSy the centre being occupied by the four primary micro- 
meres. The arms of the cross in the two forms have in fact the 
following composition as compared with one another (I use 
throughout the nomenclature employed for NereiSy which differs 
somewhat from Blochmann's) : — 



Nereis a\ I a^ I a^-*, — b\ 



^.», 

52.ZU, 



^1'* —etc. 
32.a.i.u_etc. 



In other words, the cross-cells of Neritina correspond, in mode 
of origin, to derivatives of the stomatoblasts and of the first 
somatoblast in Nereis ! 

Professor Conklin informs me that his observations on Crepi- 
dula do not quite agree with Blochmann's, as the outer portion 
of each arm arises from the second set of micromeres, the 
inner portion from the first group {f,e, from d^-^y b^^y etc.). 
This, however, agrees no better with Nereis than Blochmann's 
account. 

It is impossible to explain the differences between the anne- 
lidan and the molluscan cross by assuming inaccuracy of obser- 
vation on Blochmann's part, since the pole-cells of the lateral 
arms show a peculiar granulation that may be seen in the 
parent-cells (a^-^, (?^ from which they arise. It is certain that, 
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although the two crosses have exactly the same structure, they 
have a completely different origin. Are they to be regarded as 
homologous or not ? The different origin of the cells does not 
in itself necessarily give a negative answer to this question. 
Aside from this, however, there is good reason for believing 
that they are not homologous. Conklin and Blochmann agree 
that, in the molluscan cross, two of the arms fall ultimately in 
the median line, while the other two are transverse to it. The 
annelidan cross, on the other hand, is inclined at an angle of 
45® to the median and transverse planes. They must, therefore, 
give rise in the two cases to different regions of the upper hemi- 
sphere. Taking this in connection with the different history of 
the cells, there is every reason to believe that the annelidan 
and the molluscan crosses are analogous, but not homologous, 
structures, whose origin is in some way connected with the 
mechanical conditions of cleavage. What these conditions are 
I am unable to conjecture. 

We come in the last place to the relation of the molluscan 
velum to the annelidan prototroch. According to Blochmann 
the velum arises from the terminal cells of the lateral arms of 
the cross (" Ur-velarzellen ") which travel forwards, give rise to 
a transverse series of cells on either side, and from these arise 
the corresponding halves of the velum. If this account be cor- 
rect, the velum has a totally different origin from the annelidan 
prototroch (in the annelid from d}^'\ 6^\ c^'\ d^-^ ; in the mollusk 
from a^^y ^•^^). Does this indicate that the two structures are 
not homologous.? I do not think that this conclusion neces- 
sarily follows. 

X. General Interpretation of the Cleavage. 

It is impossible to reflect upon the complicated yet perfectly 
ordered events of the cleavage in Nereis without attempting to 
discover the nature of the causes by which their course is deter- 
mined. The completeness with which the history of the indi- 
vidual blastomeres can be followed and their mutual relations 
determined, the definite periods into which the ontogeny falls, 
the sudden transitions from one phase of activity to another — 
these and many other features of the development bring to 
the foreground some of the most interesting and fundamental 
problems of cytology. The solution of many, perhaps all, of 
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these problems may lie far in the future. Yet an attempt to 
consider them may, at least, serve one useful purpose by defin- 
ing more clearly their outlines; and it is possible that the 
embryo of Nereis may prove in some respects an unusually fav- 
orable object for their investigation. 

What is the significance of the spiral and bilateral forms of 
cleavage, and where lie the causes that determine the transfor- 
mation of the one into the other > What determines the form 
and succession of the divisions of the individual blastomeres, 
which, as in the case of the first somatoblast, may have so com- 
plicated and yet so definite a history > Is the blastomere, like 
the ovum, a self -regulating mechanism that contains within itself 
the causes of its own transformations, that is wound up like a 
clock, as it were, and must of necessity run the course prede- 
termined in its own structure.? Or are its successive phases 
of activity determined or guided by influences proceeding from 
without — by the interaction of the cell with its fellows in the 
cell-complex? I scarcely need to point out that this latter 
question bears immediately upon that most pressing of all cur- 
rent general questions, the relation between the somatic cells 
and the germ-cells ; and it is a problem upon which a flood of 
light is being thrown by recent investigations. It must be said 
at the outset that the development of Nereis gives no certain 
answer to this question. It does, however, as I believe, give 
strong indirect evidence which is worthy of attentive con- 
sideration. 

The most striking feature in the cleavage, and the one on 
which the entire discussion may be made to turn, is the sudden 
appearance of bilateral symmetry in the cleavage. The meaning 
of the bilateral cleavages in themselves is perfectly obvious. 
They are the forerunners of the bilateral arrangement of parts 
in the adult ; and, as such, their explanation belongs to the 
general problem of bilateral symmetry, which need not be con- 
sidered here. The all-important point is that tJu bilaterality 
does not appear at the beginning of development. It appears 
only at a comparatively late stage, and by a change so abrupt 
and striking as to possess an absolutely dramatic interest. I 
lay especial stress on this point because it is wholly opposed 
to the opinion, which has of late rapidly gained ground among 
embryologists, that (i) the bilaterality of the adult is predeter- 
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mined in the ovum and therefore (2) manifests itself through- 
out the cleavage. The first of these propositions is a barren 
truism, for every adult characteristic is in one sense predeter- 
mined in the ovum. The second, however, is a premature 
generalization, and it does not follow from the first. In some 
cases, it is true, the cleavage does show a bilaterality from the 
beginning ; and sometimes it is marvellously perfect, as shown, 
for instance, by the brilliant studies of van Beneden and Julin 
on the ascidian cleavage (No. 24) and of Watase on that of 
the cephalopod (No. 26). But this is by no means invariably 
the case. The earlier stages of many annelids, mollusks, poly- 
clades, and other bilateral forms are bilateral neither in structure 
nor in the form of cell-division. It is true that the adult bilat- 
erality may be in a certain way foreshadowed in the spiral 
period (ff. p. 400). But the following facts are indisputable : 
(i) that at no time during the spiral period is it possible to 
pass a plane so as to divide the body into equivalent right and 
left halves ; and (2) that the planes of cleavage throughout this 
period are symmetrically distributed with respect, not to the 
future median plane, but to the vertical axis of the ovum. 

What determines the period at which the first bilateral divis- 
ions appear.? To this question a very simple and obvious 
answer can be given which, as I believe, gives a key to the 
entire development. The bilateral asymmetry of tfte early stages 
depends mainly upon the fact that the substance of the somato- 
blasts (i.e. the meso blast and the material of the ventral plate) is 
stored in the left posterior macromere. Bilateral symmetry is 
established upon the reduction of this macromere {D) to the size 
of its fellow {C) by the separation of the somatoblasts and their 
transportation to the median line. Immediately upon this event 
follows the appearance of bilateral cleavages throughout the em- 
bryo, except in the cells which give rise to the prototroch, a purely 
larval organ. In other words, the bilateral cleavages appear as 
soon as the embryonic material becomes equally distributed with 
respect to a plane, which ultimately becomes the adult plane of 
symmetry. Is the correspondence between these two events 
a mere coincidence, or do they stand in the relation of cause 
and effect.? Under the former alternative we must suppose 
that the coincidence is the result of a kind of pre-established 
harmony, such that the cells of the upper and lower hemi- 
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spheres, different as their past history has been and indepen- 
dent of external conditions, arrive at the period of bilateral 
divisions practically at the same moment. When we reflect 
upon the history of the nuclear spindles, the diverse forms and 
mechanical relations of the cells, such an assumption makes, 
under the theory of probabilities, a demand upon our credulity 
which I for my part am not prepared to meet. To accept the 
second alternative, however, is to admit that the form of the 
individual cell-divisions is in some degree controlled by influ- 
ences emanating from the entire cell-complex. 

That such influences exist is, however, certain in view of 
recent researches upon embryological mechanics. Roux, in 
one of his justly celebrated contributions to this subject (No. 
20) showed, in the first place, that if one of the first two blasto- 
meres of the frog-embryo be killed (by puncture with a heated 
needle), the remaining blastomere develops into a half-blastula, 
followed by a half-gastrula. He succeeded also in producing 
three-quarter embryos by killing one of the blastomeres of the 
four-celled stage. From this he drew the following conclusion 
{Separat-abdrucky p. 30) : " Die Entwicklung der Froschgastrula 
und des zunachst daraus hervorgehenden Embryo ist von der 
zweiten Furchung an eine Mosaikarbeit und zwar aus mindes- 
tens vier verticalen, sich selbstandig entwickelnden Stiicken.** 
In the second place, however, he showed that ultimately the 
missing half or fourth is perfectly restored by a process of 
"post-generation," which begins about the time of the forma- 
tion of the medullary folds. As far, therefore, as the later 
stages are concerned, Roux's own results contradict the mosaic 
hypothesis ; for the normal course of events in the uninjured 
blastomere, or its products, is radically altered by the changes 
on the other side of the embryo. 

This significant fact is rendered still more striking by the 
recent experiments of Driesch (No. 6) and Fiedler (No. 7) on 
the embryos of sea-urchins, and by those of Chabry (No. 3) on 
ascidians. Driesch shows, in his extremely interesting paper, 
that if the two primary blastomeres of the Echinus embryo be 
completely, or even partially, separated (by shaking), each blas- 
tomere may give rise to a perfect embryo of half the normal 
size. The cleavage of each blastomere (whether isolated or still 
in partial contact with its fellow) at first follows the same course 
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as if it formed a part of a normal embryo, giving rise to stages 
of two, four, eight cells, etc., which are practically identical 
with the corresponding halves of the four-, eight-, and sixteen- 
celled stages, etc. As in the frog, a perfect half-blastula is pro- 
duced. The opening then closes, and a blastula is then formed 
which differs from a normal blastula only in being half the 
normal size. The gastrulation and later stages follow the nor- 
mal course. 

This result agrees essentially with Roux's, with the interest- 
ing difference that the regeneration of the missing half takes 
place much earlier. It proves conclusively that in the normal 
development each of the blastomeres is profoundly influenced 
by the other ; that the cell is not an isolated mechanism whose 
mode of action is wholly predetermined in its molecular struc- 
ture. It proves in fact that the form of cell-division is deter- 
mined by two factors. The first factor is the inherited tendency 
of the cell to pursue a definite course, a tendency which we may 
assume exists by virtue of a corresponding molecular or proto- 
plasmic structure (ff, p. 441). The second factor is the influence 
upon the cell of other cells in the colony. When the second 
factor is removed or modified, the first is correspondingly modi- 
fied, and a complete readjustment takes place. I can see no 
logical halting-point in the application of this principle between 
the embryonic and the adult stages. If the experimental results 
be well founded, — and it is impossible to question the validity 
of the combined evidence, — then no cell in the embryo or in 
the adult is isolated, not even the germ<eUs, 

In view of these facts there seems to be very strong reason 
to accept the conclusion that there is a causal connection in the 
Nereis embryo between the bilateral distribution of material 
and the ensuing bilateral divisions. I do not mean to assert 
that this connection is independent of the inherited tendency 
of the cells. It is probable, on the contrary, that the action 
has produced an hereditary effect. This result, however, only 
extends the causal connection over a longer period, and in 
nowise diminishes its significance. 

We pass now to a discussion of the spiral period itself, which 
has many interesting and significant features. The principal 
datum on which the entire discussion rests is the fact that the 
spiral form of cleavage has no necessary relation to the homology 
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of the blastomeres, and hence is without phylogenetic significance. 
The truth of this proposition is at once apparent upon compar- 
ing the spiral cleavage of the annelid with that of the polyclade. 
The form of cleavage is identical in the two, the products ex- 
tremely different, as has been pointed out at p. 441. Unless, 
therefore, we are prepared to maintain the absurd proposition 
that the mesoblast of the polyclade is homologous, not with the 
mesoblast of the annelid, but with the ectoblast of the lower 
hemisphere (including, of course, the ventral plate with the 
ventral nerve-cord), we cannot escape the conclusion that exact 
equivalence of embryological origin is not a proof of fiomologyy as 
far, at least, as the cleavage-stages are concerned. Balfour, 
long ago, pointed out the fact that similarities in the general 
form of cleavage have no necessary relation to adult relation- 
ships, but it is a very surprising fact that a resemblance so close 
as that between the polyclade and annelidan ovum should be 
without morphological meaning. This is the more surprising 
because the comparative study of the annelids shows that 
within the limits of this group adult homologies are represented 
by accurate cell-homologies in the cleavage-stages (p. 436). We 
must conclude, however, that precisely similar modes of cleav- 
age may arise quite independently of the nature of the mate- 
rials, upon which the cleavage operates. 

If, then, the spiral form of cleavage has no phylogenetic 
meaning, and at the same time has no direct relation to the 
adult form -(as has been sufficiently pointed out), it must be 
due to mechanical conditions peculiar to the earlier stages 
of embryonic life. Before attempting to consider the nature 
of these conditions, I must call attention to a fact, which 
has been fully and clearly set forth in a profoundly interesting 
paper of Rauber's (No. 19), namely, that the mechanical laws 
of cell-division have been far more thoroughly investigated 
in plants than in animals; and it is to botany that we must 
look for a clue to the significance of cleavage-forms among ani- 
mals. I need not review in extenso the brilliant researches of 
Sachs and others in this field, since their principal results may be 
found in his well-known Pflanzenphysiologie (Vorlesung XXIV) 
as well as in Rauber's paper. The essential points may be thus 
briefly summarized. The form of cell-division is the result and 
fiot the cause of the form of the dividing mass ; the form of the 
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mass is caused by it? growth as a whole, and is not a resultant 
of the growth of the cells individually considered. This is 
proved in plants by many facts, of which, perhaps, the most 
obvious is the existence of multicellular forms, in which the 
characteristic form of growth is fully determined before the mass 
divides into cells, Sachs concludes that the fundamental law 
of cell-division is such that the cleavage-planes primarily are 
vertical to one another and either vertical or parallel to the 
surface of the dividing mass; and he shows by a masterly 
analysis that the cleavage-planes in growing structures of 
various forms conform very nearly to the theoretical mathe- 
matical demands of this law. 

From an a priori point of view there is every reason to 
believe that a like relation between growth and cell-division 
exists in animals, although its demonstration is difficult, espe- 
cially for the reason that the two processes so generally go hand 
in hand. As Rauber points out, however, the segmentation 
of the ovum is a case in which, very often at least, there is no 
appreciable growth or change of form throughout a long series 
of cell-divisions, the ovum having assumed its form and size 
before the beginning of cleavage. 

I am but expressing a commonplace of embryology in stating 
that the more nearly the ovum approaches its ideal form, the 
sphere of uniform protoplasm, the more nearly do the first three 
cleavages divide it into equal octants by division-planes cutting 
each other at right angles ; in other words, the more nearly 
do they conform to the theoretical requirements of Sachs's law. 
It is interesting to find that the first three cleavages of such an 
ovum as that of Amphioxus or Echinus are almost exactly dupli- 
cated by the first three divisions of the spherical embryos of 
ferns and phanerogams. These facts in themselves create a 
strong presumption that plants and animals agree in the funda- 
mental relations of growth and cell-division. If we examine 
the first three cleavages more narrowly we find that two types 
of division (apart from the bilateral) may be distinguished. The 
first is what may be called the true radial type (represented 
typically by Amphioxus and Echinus)^ in which the first two 
cleavages are perfectly vertical and the third perfectly horizontal, 
so that the four upper cells lie exactly above the four lower 
cells respectively. The second is the spiral type, represented 
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by EupomattiSf Discocoslis, Nereis y etc., in which the third 
cleavage is more or less inclined, so that the upper cells are 
displaced (apparently in all cases towards the right — Le, follow- 
ing the hands of a watch), and in extreme cases are thus caused 
to alternate with the lower four. 

I wish to make the point that the foregoing considerations 
render it probable that the spiral type is a secondary deriva- 
tive of the true radial type^ for the latter conforms more nearly 
to Sachs's law, and agrees with the cleavage of spherical plant- 
structures. Both are primarily owing to the spherical form 
of the ovum, but the spiral modification must be caused by 
some additional secondary factor. The nature of this factor 
seems to be very obvious, although when closely examined it is 
found to lead to some conclusions so important that they cannot 
be accepted without very strong evidence. The factor in ques- 
tion is the effect of mutual pressure among the cells. It is well 
known that free cells tend to assume a spherical form, whereas 
in masses they tend primarily to assume the same geometrical 
forms as soap-bubbles or other regular elastic bodies, — Le. reg- 
ular dodecahedrons when in bulk, regular hexagonal prisms when 
arranged in a single layer upon a plane surface. In the case of 
lifeless bodies (e,g, soap-bubbles) it is certain that these forms 
are the result of mutual pressure, and it is mathematically 
demonstrable that they are the forms which afford the greatest 
economy of space. The approximate conformity of cell-forms 
to these ideal mathematical forms makes it impossible to doubt 
that they are due to the same mechanical laws. 

All these are elementary commonplaces. But the remarkable 
fact, and one which does not seem to be very clearly recognized, 
is that the effect of these mechanical conditions on the dividing 
cells has become hereditary. This I think is clearly proved by 
a comparison of the true radial and the spiral types of cleavage ; 
the comparison at the same time explains a number of interest- 
ing features in the early stages, among others the cross-furrows 
of the four-celled stage. In the segmenting ovum we have to 
deal essentially with cells arranged in a single layer, either sur- 
rounding a central cavity or (as is especially clear in the Nereis- 
embryo) spread out on the spherical surface of a group of larger 
cells. They tend, therefore, towards the hexagonal form, though 
probably they never actually assume the ideal form, since they 
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are in a curved and not a plane layer, and differ more or less in 
size. Still the hexagonal form may be taken as the type with- 
out serious error. The arrangement of regular hexagons (as 
for instance in the honeycomb) may be roughly character- 
ized as alternate^ since, as shown in the accompanying diagram, 
the cells of each row alternate with those of the adjoining rows. 
Sooner or later this arrangement 
is assumed by the blastomeres of 
all segmenting ova, and the dif- 
ference between the radial and 
the spiral types is caused simply 
by the earlier appearance of the 
alternation in the latter, as a re- 
sult, undoubtedly, of different me- 
chanical conditions. In the true 
radial type, beautifully shown in 
the cleavage of Echinus and Synapta (Selenka, No. 23), it does 
not appear until a late stage. In the spiral type it appears 
more or less distinctly from the beginning of development. 
This is obvious as far back as the eight-celled stage (Diagram 
VIII, -£), but it is easy to show that the peculiarities of the 
four-celled stage are due to the same cause. The cross-furrows 
of this stage do not exist in the true radial type (Diagram VIII, 
A). In the spiral type they are owing to an actual or virtual 
displacement of the cells, so that they assume the cross-form 
shown in Diagram VIII, B^ C, -O, the diagonally opposing cells, 
A and C, lying above, and the others, B and -O, below. This 
displacement may be characterized as a rotation, which is pri- 
marily in the vertical transverse plane, as may be seen from a 
comparison of Diagram VIII, Ay By C. In typical cases, of which 
Sagitta (Hertwig, No. 13) and Asterina (Ludwig, No. 16) are 
examples, the rotation is complete and symmetrical, the upper 
and lower cross-furrows being equal and at right angles to each 
other. Many gradations exist between this and the true radial 
type, one of the most interesting being the embryo of HydroideSy 
in which the two cross-furrows are equal and at right angles to 
one another, but so short as to escape any but the closest exami- 
nation. It appears to be invariably the case that in telotethical 
ova, with unequal cleavage, the cross-furrows are unequal, the 
upper being more or less reduced, as in the embryos of many 
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moUusks and annelids. This reduction stands in obvious rela- 
tion to the different size of the cells produced at the two poles, 
and requires no further discussion. 




Diagram VIII. 

A* Four-celled stage of true radial type {Amphicxtts, Synaptd), 

B, Spiral type {Nereis, Crepidula), 

C. Side-view of the last. 

D, Spiral type (J)iscocalis), 

E. Eight-celled stage {Discocalii), 
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We come now to the main point, which is that the rotation of 
the cells is in tfte spiral type in many cases predetermined in the 
parent-cellsy as is proved by the position of the spindles and by the 
form of division. It is, in other words, to a greater or less extent, 
a virtual instead of an actual rotation. This is the case, for ex- 
ample, in Asterinay as described by Ludwig, where the division- 
planes of the two primary blastomeres are at right angles to 
each other at the second cleavage. The same is true of the 
polyclade embryo (Lang). It remains to be seen how far the 
virtual rotation is accompanied by an actual rotation of the cells 
after their formation. In the later cleavages of Nereis {e.g. in 
the formation of the rosette-cells at the fifth cleavage and of the 
intermediate girdle-cells at the fourth), the spindles lie in the un- 
divided parent-blastomeres, exactly vertical to the future plane of 
division and the rotation is purely virtual. In the third cleavage, 
however, this is not the case, since the obliquity of the spindles is 
at first very slight and constantly increases during the division, 
until they form an angle of nearly 45** with the vertical axis. 
There is also in this case a certain amount of actual rotation 
after the complete separation of the cells, as may be seen by a 
comparison of Figs. 11 and 12. Regarding the second cleavage, 
the available data are very scanty, since this stage has not been 
accurately examined with reference to the point. I can state 
positively, however, that in Ascaris megalocephala (which, 
through the courtesy of Dr. Boveri, I have been enabled to 
study in the living state as well as in preparations) there is 
a very extensive actual rotation in the four-celled stage, after 
the full completion of the division. The value of this case as 
an illustration is, however, lessened by the fact that the second 
cleavage differs radically from the usual form. 

To sum up, I conclude that the spiral form of cleavage is 
owing to a precocious appearance of the alternation of the cells, 
which, in its turn, is a result of mutual pressure. The "true 
radial" type differs from the spiral only in the fact that the 
alternation appears at a later period ; in other words, the cleav- 
age longer adheres to the primary type. The primary type owes 
its characteristics to the form of the ovum, in accordance with 
the general laws of cell-division. Thus the characteristics of 
the spiral period are, in their broadest outlines, the result of 
mechanical conditions which have no relation to the adult 
structure. 
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What, then, is the origin of bilateral forms of cleavage ? It 
appears to me that they must be tite result of a throwing back or 
reflection of the adult bilaterality upon the early stages. In some 
cases this influence has extended to the very beginning, as in 
the Cephalopod or in the ascidian, or even to the unsegmented 
ovum itself, as in some insects and other forms. In some cases, 
of which Nereis is a beautiful example, it has not extended so 
far ; the early stages are still dominated by the mechanical con- 
ditions peculiar to them, and the bilateral form only appears 
when these conditions have been in a measure overcome. 

I may call attention to the fact that there is a definite relation 
between the law of spiral cleavage and the fact that among 
annelids and moUusks it is invariably the left posterior macro- 
mere that is the largest. In all cases that have been accurately 
investigated, the first spiral cleavage of the four macromeres is 
right-handed, the second left-handed, and the third right-handed 
again. The subsequent origin of the mesoblast (as in Nereis^ 
Crepidula, etc.) may be regarded as belonging to another left- 
handed spiral cleavage. Now the superior size of the left pos- 
terior macromere, as has been pointed out, is owing to the 
storage in it of the material for the somatoblasts, which, by the 
second and fourth left-handed spiral divisions of the macro- 
meres, is pushed over into the middle line, where it belongs. 
There is, therefore, a necessary relation between the law of 
spiral cleavage and the storage of material in the left macro- 
mere. The exact nature of this relation, however, cannot be 
stated, for there is no positive evidence to show which is cause 
and which effect. The comparison with the polyclade, although 
at first sight promising, yields no result, on account of the lack 
of necessary data. 

One other point may briefly be considered, namely, the 
remarkable differences in the fundamental axial relations be- 
tween forms closely allied in the form of cleavage. The anne- 
lids and the moUusks show exactly parallel differences in this 
regard. In Planorbis (Rabl), Neritina (Blochmann), and some 
other gasteropods, the first two cleavage-planes are inclined at 
an angle of 45** to the median plane, and the representative of 
the " large macromere " is in the median line, precisely as in the 
polyclade (Diagram VIII, Dy E). In Crepidulay on the other 
hand, the first two cleavage-planes coincide with the transverse 
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and median planes respectively. Among the annelids, Nereis 
agrees with Crepidula, while Clepsine (Whitman) and Rhynchel- 
mis (Vejdovsky) agree with Planorbis^ Neritina^ and the poly- 
clade. It is perfectly clear that this difference can have no 
morphological significance, but is a result of mechanical causes 
of some kind. Either the ectoblastic cap or the group of macro- 
meres has been rotated 45'* from its primary position, but I am 
at present unable to suggest an explanation that will satisfy all 
of the conditions of the problem. These differences certainly 
afford a forcible illustration of the fact that the relations of 
parts in the early stages of development may readily be modified 
by secondary conditions. 



In conclusion, I may call attention to the bearing of my gen- 
eral interpretation of the cleavage upon the significance of the 
protoblasts and the study of cell-lineage. The general results 
show that it is necessary to be very cautious in drawing mor- 
phological conclusions from the comparative study of early 
cleavage-stages. I cannot entirely agree with Watase that 
"the earlier cleavage-processes are more fundamental, and, 
from the morphological standpoint, more significant than the 
later ones." Blastomeres having precisely the same mode of 
origin and precisely the same spatial relations to the rest 
of the embryo are by no means necessarily equivalent, either 
physiologically or morphologically, and the early cleavage-stages 
in themselves have little morphological value. The respective 
values of the blastomeres must be determined by their ulti- 
mate fate ; and this is an indispensable datum for the study of 
comparative embryonic anatomy. The fundamental forms of 
cleavage are primarily due to mechanical conditions^ and are only 
significant morphologically in so far as they have been secondarily 
remodelled by processes of precocious segregation. To this preco- 
cious segregation we must ascribe the early differentiation of 
the protoblasts. The facts show, however, that this process 
has very generally taken place in a greater or less degree ; and 
that from the study of cell-lineage, if rightly applied, we may 
hope ultimately to attain a firm basis for an estimate of the dif- 
ferent forms of gastrulas and a comparison of the germ-layers. 

Munich, December, 1891. 
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APPENDIX. 
Further Observations on the Cleavage and Gastrula- 

TION OF POLYCHiETA. 

Since the foregoing paper was sent to press I have made 
at Naples an extensive series of observations on the early 
development of Polymnia nebulosa^ Mont. {Terebella Meckelii, 
D. Ch.), Spio fuliginosus, Clp., and a form that is almost cer- 
tainly the Aricia foetida of Claparfede. As the results cannot be 
published in full for some time, and are an important confirma- 
tion and extension of the work on Nereis^ I may briefly review 
them here. 

These three forms not only belong to three widely divergent 
families of Polychaeta, and represent both Errantia and Seden- 
taria, but in addition to this differ from Nereis in all the con- 
ditions of embryonic development. In all three the eggs are 
opaque, are deposited in a jelly-mass, and in Polymnia and 
Aricia foetida the trochophore is partially suppressed, the free- 
swimming life being of very brief duration. In all, the four 
macromeres continue to divide (as in Rhynchelmis) after the 
separation of the ectoblast and mesoblast ; and in Polymnia and 
Aricia foetida (probably also in Spio) there is a well-marked 
embolic gastrulation, which leads to the formation of a large 
blastopore. 

It might, therefore, have been expected that the cleavage 
would differ widely from that of Nereis. As a matter of fact, 
on the contrary, it is not only quite of the same type in the 
three forms, but shows step by step an extraordinarily detailed 
and striking likeness to the Nereis cleavage, which may, there- 
fore, probably be taken as typical, in all of its leading features, 
of an extensive series of annelids. The differences are in fact 
quite insignificant up to a period when the germ-layers have 
become fully differentiated and the somatoblasts have assumed 
their typical position. 
456 
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I will first briefly describe the facts common to the three 
forms and to Nereis, and afterwards point out some of the 
specific peculiarities. 

The first five cleavages (to the thirty-two-celled stage) are 
nearly identical in all, excepting slight differences in the relative 
size of the blastomeres. Three sets of ectomeres are formed in 
the typical manner, and the somatoblasts, X and M, have essen- 
tially the same origin, position, and relation to the blastopore- 
margin. In all, the apical rosette and the cross arise in precisely 
the same manner, and at nearly the same period ; and in all the 
first bilateral divisions first take place after the reduction of the 
left posterior macromere, Z>, to the size of its fellow, C. In all, 
furthermore, the primary girdle, consisting at first of eight and 
afterwards of twelve cells, arises exactly as in Nereis. The pro- 
totroch is developed in the region of the girdle-cells, but I have 
not yet succeeded in tracing its origin in detail. In all, finally, 
the first somatoblast, Xy undergoes three unequal divisions, as 
in Nereis, thus giving rise successively to x^ on the right side, 
x^ on the left, and x^ in the middle dorsal line. It then divides 
into equal parts, X, X, the posterior proteloblasts. 

11. 

I pass now to the leading individual peculiarities, some of 
which are very interesting from a comparative point of view. 

(i) Spio differs from the others in the immense relative size 
of the left posterior macromere, D, and of the somatoblasts, X 
and My derived from it. 

(2) In Spio, Aricia fcetida and Polymnia x^ and ;r® are very 
much larger than in Nereis, so that after their formation X 
becomes considerably reduced in size, and the posterior protelo- 
blasts are relatively small. 

(3) The later development of the cross in the same three 
forms differs somewhat from that of Nereis, the cells c^'^, d^^ 
(" nephroblasts " in Nereis) being much smaller and formed in a 
slightly different position. 

(4) Polymnia differs from the other forms in the fact that 
the second somatoblast, M, is from the first partially covered by 
the macromere, D, and at the time of its fission extends to the 
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surface over only a small area. The primary mesoblasts pass 
into the cleavage-cavity before the formation of the blastopore ; 
ue. at a much earlier period than in the other forms, so as to 
approach the condition found in Lumbricus, 

(5) In Spio and Aricia fasiida the primary mesoblasts first 
bud forth small superficial cells, from their anterior margin, at 
the posterior lip of the blastopore (" secondary mesoblast " in 
Nereis)^ a process which takes place at a relatively earlier period 
than in Nereis ; i.e, before the fission of X. In Aricia fcetida 
(probably also in Spio) only a single pair of such cells are found, 
which are very minute and appear to be rudimentary. After 
their formation the mesoblasts bud forth into the cleavage-cavity 
(as in the "blastula" of Lumbricus) two rows of cells that form 
the mesoblast-bands. 

In Polymnia the preliminary superficial budding seems not to 
take place, and the mesoblasts only divide after their complete 
enclosure (as in EupomatuSy t Hatschek). 

(6) In Polymnia and Aricia fostida, (probably also in Spio) 
the macromeres undergo two additional spiral divisions after the 
separation of the twelve ectomeres. The first of these (fourth 
spiral division) is left-handed, and of the four resulting cells one 
{d^ = M)y formed somewhat earlier than the others, becomes 
the second somatoblast, while the other three {a\ b^, (^) form 
part of the entoblast-plate. The second (fifth spiral division) 
gives rise to four entomeres {cfi, ^, ^, d^)y formed in a right- 
handed spiral, after which no further divisions take place in the 
entoblast-plate until after the completion of gastrulation. 

The entoblast-plate now consists of elevetv cells, which (in 

Aricia foetidd) assume the bilateral arrangement shown in the 

following diagram : — 

b^ 3* d^ 

\ I I 

I 

^6 n—d^ 

M—M. 

(7) In Polymnia and Aricia foetida {Spio not observed) an 
embolic invagination now xapidly takes place. The blastopore 
is at first elongated, its floor being formed (in Aricia fcstida) 
by Dy By and ^, which lie in the median line, and its posterior 
limit by the primary mesoblasts. My M. Thus (in Aricia 
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fastida) the first two cleavage-planes are oblique to the plane of 
symmetry^ as in Clepsine or Rhynchelmisy and differ from their 
position in Nereis. This difference is, however, caused simply 
by late displacements of the entomeres, and does not affect the 
earlier stages; it is, therefore, without morphological signifi- 
cance* 

(8) The blastopore assumes a triangular form by the narrow- 
ing of its posterior portion. It appears to close completely from 
behind forwards, and the mouth afterwards appears at the point 
of final closure, ue, in front. 

(9) In Aricia fcetida the primary mesoblasts pass into the 
interior as the blastopore closes. 

I have followed up to the thirty-two-celled stage the cleavage 
of a series of Hydroides ^ which agrees closely in development 
with the " Eupomatus uncinatus " studied by Hatschek and is 
of special interest as a representative of the so-called "equal 
cleavage " among annelids. The order and direction-planes of 
the divisions are nearly the same as in the other forms, but the 
spiral symmetry is complete up to the latest stage observed. 
The first four blastomeres, A^ By C, -O, are exactly equal. At 
the third cleavage four slightly smaller upper cells, ^^ ^, c\ d^ 
("micromeres") are separated, in a right-handed spiral, from 
four lower "macromeres." The fourth cleavage agrees closely 
with that of Polymniay Nereis^ etc., but the micromeres of the 
second group, c?y ^, ^, rf^, are of exactly equal size, and are but 
little smaller than the macromeres. The fifth cleavage is like- 
wise essentially like that of the other forms, and the third set 
of ectomeres, cfi^ ^, ^, d\ are much smaller than the second set 
(^, ^, etc.). 

The embryo now (thirty-two-celled stage) agrees essentially 
in the arrangement of the blastomeres with the corresponding 
stage of the "unequal type" (Nereis^ etc.), but differs from it 
(a) in the equal size of the four macromeres, and (p) in the lack 
of a differentiated first somatoblast {f.e. d^ is no larger than 
a\ H^y (^. It is at this period that the second somatoblast, M, 
is formed in the unequal type, where, as I have shown above 
{Polymnia^ Aricia fostida\ it forms one of the four cells {a\ d\ 

1 The species is related to Hydroides (" Eupomatus ") uncinatus^ but differs from 
it both in the looser and more delicate growth of the tube, and in the more numerous 
divisions in the crown of the operculum. 
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etc.) produced at the fourth spiral division of the macromeres. 
In Hydroides these four cells now arise in a left-handed spiral^ 
as in the other forms, but they are equal in size and are formed 
simultaneously. If the analogy holds, one of these cells (rf*) 
should be the equivalent of the second somatoblast, M^ from 
which the mesoblast arises, the other three (a*, ^, ^) forming 
part of the entoblast-plate. I have not yet succeeded, how- 
ever, in tracing the cytogeny with certainty beyond this point, 
and the origin of the mesoblast therefore still remains undeter- 
mined. Should my surmise prove well founded, we would have 
a very simple explanation of the difference between the equal 
and unequal types of cleavage in annelids — a difference which 
has hitherto seemed to involve a difficult problem with regard 
to the mesoblast. 

Naples, April, 1892. 

POSTSCRIPT. 

While correcting the last pages of the proofs of this paper I received Oscar 
Hertwig's extremely interesting work entitled " Urmund und Spina bifida," 
etc. \Arch,f, Mic. Anat., Bd. 93, Heft III., 1892], in which the author, after 
a critical review of the work, especially of Roux, Driesch, and Chabry, throws 
the immense weight of his authority on the side of the same conclusions that 
I have adopted at p. 447 regarding the dependence of the development of 
individual blastomeres on that of the whole embryo. In opposition to Roux, 
Hertwig maintains that, (i) "Die Entwicklung eines Organismus ist keine 
Mosaikarbeit," and, (2) "die Theile eines Organismus entwickeln sich in 
Beziehung zu einander oder die Entwicklung eines Theiles ist abhangig von 
der Entwicklung des Ganzen" (p. 480). 

It seems to me, however, if I may venture the suggestion, that Hertwig 
underestimates the importance of early differentiation among the blastomeres 
(i.e. the hereditary element in the development of individual parts), and that 
the mosaic view may still, in a modified form, be of value. In the echinoderm 
embryo the individual blastomeres show very little morphological differentia- 
tion until a late period. In the annelid such differentiation exists from the 
very beginning of the cleavage, and the mosaic appearance of the development 
cannot be overlooked. The facts seem to accord best with the hypothesis 
that the blastomeres are capable within certain limits of pursuing their indi- 
vidual development, yet at the same time depend in a greater or less degree 
on that of the whole. How far this dependence goes, and how for the various 
blastomeres may be capable of replacing one another, is a question to be deter- 
mined not by analogy, but by direct experiment, 

Naples, May 3, 1892. 
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LETTERING OF THE PLATES. 



The blastomeres are lettered according to the followiiig system, for an illustratioD 
of which see Diagram, p. 378 : — 

A, B, C, D. The four primary blastomeres and the conesponding macromeret or 
entomeres. 

a\ i^, c\ 4/^. First group of micromeres. 

a*, fif (*, d* (X). Second group of micromeres. 

0*, ^, ^, </*. Third group of micromeres. 

Their products are in general lettered according to the principle illustrated in 

f ( a^^i the diagram, except in the case of the somato- 

( a**^* blasts, the four macromeres, and the four primary 

1 &8 j ^^*'^ micromeres, which retain their original lettering 



oS 



U*M 



throughout (^ Diagram, p. 396). 



Additional letters as follows : — 



ax. 


Anal cirrhi. 


A 


Prototrochal cell 


a.f. 


Anal sensory flagellum. 


/.a. 


Pigment-area. 


an. 


Anterior. 


par. 


Paratroch. 


a.L 


Apical tuft of cilia. 


p,c. 


Polar celL 


bp. 


Blastopore. 


pi^. 


Pigment 


dor. 




p.L 


Palpi. 


e. 


Eye-spot 


pr. 


Prototroch. 


ee. 


Ectoblast 


p.p. 


Parapodia. 


e.n. 


Entoblast-nuclei. 


ps. 


Posterior. 


/ 


Cross-furrow. 


pa. 


Post-trochal cells. 


/.a. 


Frontal antennae. 


r. 


Right side. 


/3. 


Frontal bodies. 


1. 


Setse. 


A.A, 


Head-kidney. 


'^• 


Stomodseal gland. 


inf. 


Inferior (post-trochal) region. 


iJi. 


Sense-hairs. 


s. 


Jaws. 


sa. 


SeU-sac. ' 


/. 


Left side. 


si 


Stomodseum. 


U. 


Latero-dorsal region. 


sU 


Left stomatoblast 


Ian. 


Longitudinal muscles. 


stm. 


Median stomatoblast 


M. 


Second somatoblast, mesomere. 


st.r. 


Right stomatoblast 




primary mesoblast. 


sup. 


Upper (supra-trochal) region. 


m. 


Secondary mesoblast 


t. 


Trochoblast. 


m.b. 


Mesoblast-band. 


tx. 


Tentacular cirrhL 


mes. 


Mesenteron. 


V. 


Ventral. 


mh. 


Mouth. 


v.p. 


Ventral plate. 


ms. 


Mesotrochal ciUated belt 


X. 


First somatoblast, and the resulting 


If. 


Nephroblast 




teloblasts. 


If./. 


Neural plate. 


X. 


Derivatives of AT. 


cui. 


Oil-drop. 


%. 


Zona radiata. . 
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EXPLANATION OF PLATES. 

All of the figures, unlen otherwise stated, were drawn with the aid of the camera, 
bnt in many cases the finer detaih have been added free-hand to the camera sketch. 
Most of the figures were drawn from a single specimen, but in a few cases, in order 
to economize space, a single figure combines the sketches from more than one speci- 
men. In the later stages, for the most part, no attempt has been made to reproduce 
the texture of the protoplasm, but it is of such glass-like transparency that it is fairly 
well represented by the shading of the figures. The coloring of the figures was an 
afterthought, and was adopted for purely practical reasons. Although the effect of 
the drawings is injured by it, so much is gained in cleameis and facility of compari- 
son that I feel sure of the approval of every reader who has labored through with a 
long series of imperfectly described plates. 

All of the figures, unless otherwise stated, are from N. Hmbata^ Ehlers. The 
enlargement is in most cases about 400 diameters. 
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PLATE XIII. 

[Flgi. I to 6, 7a, and 10 from living specimens; the others from preparations.] 

Fig. I. Unsegmented egg, from the upper pole, before the extrusion of the polar 
cells. Zona radiata still present. 

Fig. 2. Side-view after the formation of the polar cells and disappearance of 
the zona. 

Fig. 2a to 2d, Four stages in the first cleavage; 2a and 2b are side-views of suc- 
cessive stages of the same egg; 2c is from the upper pole in the earlier part of the 
division, and 2d from the lower pole at a later stage, showing the still undivided 
bridge of protoplasm on the lower side. 

Fig. 3. Completed two-celled stage from the upper pole; AB the anterior, CD 
the posterior blastomere (i h. 55 m.}. 

Fig. 4. The same egg from the upper pole; second cleavage in progress; the 
anterior blastomere divided into A and B^ the posterior incompletely divided 
(2h. 10 m.). 

Fig. 4/1. View from the lower pole of slightly later stage, showing the cross-furrow 
f, although CD is still incompletely divided (2 h.). 

Fig. 5. Four-celled stage from the upper pole. The fainter lines represent the 
cleavage-lines of the lower pole, seen through the transparent vitellus. The deuto- 
plasm-spheres omitted (2 h. 19 m.). 

Fig. 6. Four-celled stage, from the right side. 

Fig. 7. View from the upper pole of an egg (preparation) about to divide into 
eight cells, showing the position of the spindles. The stars represent the upper 
asters; the small circles, the centres of the lower asters. 

Fig. 7fl. Side-view of third cleavage (2 h. 20 m.)« 

Fig. 8. View from the upper pole of an egg later in the third cleavage, to show 
the position of the spindles. 

Fig. 9. Side-view of the last 

Fig. 10. Side-view of completed eight-celled stage. 
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PLATE XIV. 

[Figt. Il-i7f 20 from life; 18, 19, 21, 22 from preparations.] 

FlG. II. The same egg shown in Figs. 3, 4, 5, immediately after completion of 
the third cleavage (2 h. 33 m.). 

FlG. 12. The same seven minntes later. 

Fig. 13. Fourth cleavage, from the npper pole (3 h. 21 m«). 

Fig. 14. The same egg; end of the fourth cleavage (3 h. 30 m.). 

Fig. 15. Fourth cleavage; posterior view, showing origin of the 6r8t somatoblast 
(A'', megalops), 

Fia 16. Fourth cleavage, from the right side (2 h. 40 m.). 

FlG. 17. The same egg, nearly in the same position, in the sixteen-celled stage 
(2 h. 55 m.). 

Fig. iS. Optical longitudinal section of sixteen-celled stage. 

Fig. 19. Beginning of the fifth cleavage, from the upper pole; primary micro- 
meres preparing for their second spiral division {ef. Fig. 14). 

Fig. 20. Twenty-two-celled stage, immediately following the last, from the upper 
pole. First division of Xy formation of the two posterior tertiary micromeres <*, d^ 
(3h.58m.). 

Fig. 21. Rear view of same stage. Division of X^ spindles of £*, tfl. 

Fia 22. The same embryo, from the left side. 



Digitized by 



Google 



Digitized by 



Google 



'/' / ■•It 'I ( / .J' "/■ '('<>'./ J h/ ]'I. 



// 



J 



J' 



I) 



J'J 



V 



V^/ V i ^ 



J 



u 






10 



<i~ A' 



n 



to 

A 



li 



U) 



J" 



<i" 






Digitized by 



Google 



_'/ 



I'l.Xl 



// 

! 



h" 



d" 

'I 

/^ '-. , y . I) 

(' 



■pr. IS. 



A '^ 



II 






d' . ^^ b' 



h'- 

Ir 



I 



d'' ; 



/ 



n' pc 



i) 

Digntized by 



d'X 



(I - 

d' 



./'-• 



V-'/.V 



Google 



Digitized by 



Google 



Digitized by 



Google 



470 WILSON. 



PLATE XV. 

[Figs. 23, 28, 29, 32 from life; the others from prepamtions.] 

Fig. 23. Twenty-nine-celled stage, from upper pole. The trochobUsts have 
divided radially (completing twelve-celled girdle); the four tertiary micromerea 
formed, secondary micromeres still undivided (3 h. 43 m.). 

Fig. 24. Succeeding stage, from right side. Second group of micromeres in 
division. 

Fia 25. Thirty-two- (four-) celled stage, right side-view. Third spiral cleavage of 
tf^ ^» <^» d^ iu progress (4J h.). 

Fig. 26. Anterior view of the same embryo. 

Fi& 27. From the upper pole. Third spiral cleavage of a^, ^^ <4, d> (formation 
of apical rosette). Transition from thirty-two- to thirty-six- celled stage. 

Fig. 28. Thirty-six-celled stage, from the upper pole (4 h. 7 m.). 

Fig. 29. Thirty-eight-celled stage, rear view. Second division of X* Origin of 
second somatoblast (4 h. 55 m.)« 

Fig. 30. Stage immediately following the last First stage of transitional period. 
The two posterior primary micromeres, r^, </i, preparing for their first bilateral 
division (5 h. 15 m.). 

Fig. 31. Forty-celled stage. Third (median dorsal) division of X. Bilateral 
division of r*, d^ completed (forming ^^'^ ^Z***) (6 h. 30 m.). 

Fia 32. Forty-three- (typically forty-two-) celled stage. Posterior view of a liv- 
ing specimen followed from a stage precisely like Fig. 29. Third division of X com- 
pleted, interruption of the girdle by the displacement of d^\ Fission of the second 
somatoblast to form the primary mesoblasts, M.M, (5 h. 25 m.). 

Fi& 33. Left side-view of peculiar thirty-celled stage in which the apical rosette 
is not yet present, though the second somatoblast is formed. Second group of micro- 
meres just dividing. Second division of A* not yet effected (7 h.). 

Fig. 34. Optical longitudinal section, thirty-eight-celled stage; position of the 
left stomatoblast (a^'>) indicated by the dotted line. 
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PLATE XVI. 

[All of the figures from preparations.] 

Fig. 35. Transition from forty-two- to fifty-eight- celled stage. View from the 
upper pole, showing first bilateral division of d ^, ^^ establishment of the cross, trans- 
formation of the girdle into the prototroch (5 h. 30 m.). 

Fig. 36. Anterior view of the same specimen. 

Fig. 37. Posterior view, about fifty-eight cells. Second bilateral division of 
c^t d^ to form the nephroblasts, c^*^ d^'^. Spindle of fourth division (fission) of 
Jf (5 h. 30 m.). 

Fig. 38. Complete establishment of bilaterality. Immediately following the last. 
Formation of the nephroblasts and fission of X completed. Delayed division of 
<4-« (5 h. 30 m.). 

Fig. 39. Second bilateral division of a^, ^^ forming a^**, ^**. Division of ^\ 
d^\ Beginning of the enclosure of the nephroblasts (6 h. 30 m.). 

Fio. 40. Third bilateral division of c^, d^ to form c^"^, d^-^; division of «*•*, ^•* 
(7h.). 

Fia 41. Third bilateral division of «*, ^ to form «*■«, ^•«; division of «*••, ^••. 
The nephroblasts nearly enclosed. 

Fig. 42. Fourth bilateral division of c^, d^ to form c^'^, d^'"^; fifth division of X 
(7 h. 30 m.) 

Fig. 43. Posterior view of the same. 

Fig. 44. Right side-view, somewhat from above, after the fourth bilateral division 
of c^, dK At the left upper side the nephroblast is shown in optical section, below 
^•* (7 h. 30 m.). 

Fig. 45. Right side-view after enclosure of the nephroblast and the beginning of 
its migration. Fifth bilateral division of c\ d^. The proteloblasts {XX) have 
divided (eighth division of X) to form the four posterior teloblasts {X, X, X, X) 
(8 h. 30 m.). 

FiQ, 46. Rear view of slightly earlier stage (8 h. 30 m.}< 
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PLATE XVII. 

[All of the 6gure8 from preparations.] 

Fig. 47. Postero-ventral view, thirty-six-celled stage. Origin of the second soma- 
toblast (6 h. 15 m.). 

Fig. 48. Succeeding stage, thirty-eight cells {cf. Fig. 30) (5 h. 15 m.). 

Fig. 49. Postero-ventral view. Fission of the second somatoblast to form the 
primary mesoblasts. Transition f* im Figs. 31 to 32 (6 h. 15 m.}. 

Fig. 50. Rear view of same stage as Fig. 37. Fission of X (fourth division), 
division of ^*, ^, jr^; second bilateral division of f^, cP- (6 h. 15 m.). 

Fig. 51. Ventral view immediately after the fission of X {cf. Fig. 38} (7 h.). 

Fig. 52. Rear view. Fifth division of X^ x^ dividing, 3^ divided into two (6 h.). 

Fig. 53. The same stage, seen more from the ventral side; j^ undivided, r^ divid- 
ing. Fifth division of X. First gemmation of primary mesoblasts (6 h.). 

Fig. 54. Postero-ventral view. Sixth division of X {cf. Figs. 42, 43) (7 h. 30 m.). 

Fig. 55. Ventral view of later stage. Four secondary mesoblast cells have been 
formed, the primary mesoblasts are nearly covered in, and the blastopore is nearly 
closed (9 h.}. 

Fig. 56. Slightly later stage. Eighth division of X (fission of the proteloblasts), 
gemmation of the primary mesoblasts (probably the third), approximation of the 
stomatoblasts, division of d^ {cf. Figs. 45, 46) (9 h. 45 m.). 

Fig. 57. Similar view of later stage (the same specimen shown in Fig. 74) 
(9 h. 30 m.). 

Fig. 58. Rear view of still later stage, showing the four posterior teloblasts 
(8 h. 30 m.). 
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PLATE XVIIL 

[An excepting Fig. 60 from preparations.] 

Fig. 59. Rear view of first ciliated stage. Ninth division of ^ (13 h.). 

Fig. 60. Living embryo in the same stage (10 h.). 

Fig. 61. Postero-ventral view, after completion of the tenth division of .Y (11 h.). 

Fig. 62. Ventral view of nearly the same stage, showing the relations of the 
stomatoblasts, blastopore, mesoblasts, head-kidneys, prototroch, and the posterior 
teloblasU (13 h.). 

Fig. 63. Similar view of later stage, after the eleventh division of X (disappear- 
ance of the outer teloblasts), and closure of the blastopore. Extension of the head- 
kidneys, infolding of the blastopore-region, convergence of the stomatoblasts (13 h.). 

Fig. 64. Rear view of nearly the same stage (11 h. 30 m.). 

Fig. 65. Succeeding stage, showing division, displacement, and initial separation 
of the residual teloblasts (twelfth division of X), 

Fig. 66. Slightly later stage with symmetrical division of the products of the outer 
teloblasts (11 h. 30 m.). 

Fig. 67. Similar view of still later stage. Separation of the residual teloblasts, 
appearance of the rudimentary dorsal region, extension of the head-kidneys (14 h.). 

Fig. 68. Rear view of still later stage (14 h.). 

Fig. 69. Similar view of later stage (18 h.). 

Fig. 70. Postero-ventral view of the latest stage in which the residual teloblasts 
can be distinguished. The upper part of the figure in surface-view (prototroch, 
residual teloblasts), the lower part in optical section (entoblast, mesoblast, ventral 
plate, pigment-plug) (14 h. 30 m.). 
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PLATE XIX. 

[All of the figures from preparations.] 

Fig. 71. Longitudinal optical section about the time the blastopore closes. Posi- 
tion of the prototroch indicated by the faint lines (9 h. 45 m.). 

Fig. 72. Similar view after the first gemmation of the primary mesoblasts (the 
same specimen shown in Fig. 41) (7 h. 30 m.). 

Fig. 73. Slightly later stage, showing gemmation of one of the mesoblasts. The 
section is somewhat oblique and shows the hinder part of the other mesoblast wedged 
in between the dividing cell and the posterior teloblast (8 h. 30 m.). 

Fig. 74. Right view of the same specimen shown in Fig. 57. Nephroblast pass- 
ing beneath the prototroch. Derivatives of c^ in division (9 h. 30 m.). 

Fig. 75. Later stage in similar view. H^ad-kidney extending itself beneath the 
post-trochal cells (offspring of ^"'') (12 h. 30 m.). 

Fig. 76. Similar view of the same embryo shown in Fig. 66. Ebctension and canal- 
ization of the head-kidney (11 h. 30 m.). 

Fig. 77. Left side-view of about the same stage shown in Fig. 67. The head- 
kidneys nearly surround the body, the prototroch is double; prostomial depression 
still present; first appearance of the pigment (14 h.). 

Fig. 78. Left side-view of same stage as Fig. 68. Prototrochal region in surface- 
view (also the left residual teloblast), the remainder in optical section {cf. Fig. 88). 
Formation of the pigment-area; its relations to the stomatoblasts (13 h. 30 m.). 

Fig. 79. Ventral view of the same stage. The position of the residual teloblasts 
indicated in optical section (15 h. 45 m.). 

Fig. 80. Similar view of later stage. Stomodaeal arc, pigment-area, mesoblast- 
bands (18 h.). 

Fig. 81. Completion of the stomodaeum, demarcation of the pigment-plug, posi- 
tion of the mesoblast-bands. Last traces of the residual teloblasts (?) (20 h.). 

Fig. 82. Left side-view of the same specimen. Prototroch, eye-spot, and frontal 
bodies in surface- view. The stomodseum and pigment-area in juxtaposition (20 h.). 
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PLATE XX. 

[All of the figures firom preparations. Prototrochal pigment, and the cilia, from 
living specimens.] 

Fig. 83. Ventral view. Ingrowth and concrescence of the neural plates, separa- 
tion of the stomodseum and pigment-area; first appearance of metamerism (24 h.)« 

Fig. 84. Right side-view of the same specimen (slightly distorted by pressure). 

Fig. 85. Later stage, right side-view. Formation of the setae, longitudinal mus- 
cles, parapodial cirrhi (40 h.). 

Fig. 86. The same specimen from the upper pole. First and second cleavage- 
lines, cross-furrow, eye-spots, frontal bodies. Cf. the cleavage-stages. 

Fig. 87. The same specimen, ventral view. Q>ncrescence of the neural plates, 
growth of the ventral region, overlapping of the head-kidneys (40 h.) . 

Fig. 88. Actual longitudinal section of a stage like Fig. 78. Relations of the 
ventral plate, stomodaeal cells, primary mesoblasts, entoblast-nuclei, and the inward 
migrating cells of the pigment-area with their pigment (14 h.). 

Fig. 89. Oral view of early stage in the elongation. Protrusion of the setae 

(43 h). 

Fig. 90. Protrusion of the parapodial cirrhL Apical and anal sense organs, 
migration of the pigment-cells (60 h.). 

Fig. 91. Typical three-segmented larva, dorsal view. Completed migration of 
the pigment-cells, appearance of the mesotrochal ciliated belts, circular muscles, 
three pairs of eye-spots, first pair of tentacular cirrhi (post-trochal), and anal cirrhi 
(60 h.). 

Fig. 92. Head of later stage (4 J d.) in ventral view. Demarcation of the head, 
appearance of the jaws, growth of the frontal antennae, tentacular cirrhi, palpi, etc. 
Interruption of the prototroch. 
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Historical Introdnction* 

The genns Myzostoma has from the time of its first discovery been 
one of the most doaUfhl genera among the ImmrtehrtOa. Of the ana- 
tomy we have in fast years learnt mnch, especially by the researches 
of Seiipeb ^ and Obaff^. Bnt the embryology, which as is well known 
nsaally gives good criteria for determining the position of a group, was 
almost unknown to previous observers. 

The first stage in the development recorded , was an advanced one 
observed by Sempeb^. It had a simple, unbranched alimentary canal 
and two pairs of legs. The discovery of this larva was of no importance 
for determining the systematic position of the group. Indeed it taught 
very little , and led rather to erroneous comparisons with the Nauplius 
larva of Crustacea, In 1866 Metschnikoff ^ described accurately the 
segmentation of the egg of M. ctrriferum , and figured a ciliated larva 
of a simple form — little more than a planula. 

He further described some of the later stages in which the larva is 
already in possession of its host. In both these cases the larva has per- 
manent legs, in the one case two pairs, in the other the full complement 
of five. Both bad a proboscis, and simple unbranched alimentary canal. 
But although Mbtschnikoff's paper contained the description of a not 

1 Semper , Zur Anatomie und EntwicklungBgescbichte der Gattung Myzo- 
stoma (Leuckart). Zeitschr. f. wiss. Zool. Bd. IX. p 48—64. Taf. Ill u. IV. 

* Graff, Das Genus Myzostoma. Leipzig 1877. 
8 1. c. p. 60. 

* Metschnikoff, Zur Entwicklungsgeschichte yon Myzostomum. Zeitschr. 
f. wiss. Zool. Bd. IX. p. 236—243. Taf. XIII A. 
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inconsiderable course of deyelopment, it does not include the whole, nor 
even the most important part of the larval history. This was no doubt 
due to the smallness of the larvae to be dealt vnth, and the non-success 
of all efforts to obtain artificial fecundation. This bad fortune Metschni- 
KOFF shared with Semper and G&aff , neither of whom were able to 
obtain results in this direction. In his monograph of the genus Graff 
added but little to our knowledge of the development of the genus ; the 
whole of his results under this head being contained in the following ^ : 
)>Und so sind es nur die Entwicklungszust&nde von 0,2 mm Lftnge an, 
welche ich kenne. Doch gestatten auch diese einen kleinen Fortschritt 
in der Erkenntnis der Entwicklungszustllnde unserer Thiere. Larven 
von dieser L&nge zeigen 3 bis 5 Fufipaare, terminalen Mund und After, 
einen wohl ausgebildeten Bulbus musculosus und einfachen unverastel- 
ten Magen.c 

I have had more good fortune in attempting to bridge over the gap 
in our knowledge of the development, and have further been successful 
in obtaining artificial fecundation, to which success, no doubt, no in- 
considerable portion of the results obtained is due. 

Such briefly was the state of our knowledge of the embryology of 
the group, when at the close of last year I began my researches. We 
knew the segmentation fairly well by Metschnikoff's researches, and 
we knew that a completely ciliated larva left the egg. But beyond this 
point the larval history was totally unknown. Of the post-larval history 
a fair proportion was known from the researches of Semper, Mbtschni- 
KOFF and Qraff, but this knowledge does not seem to have been 
enough to determine even approximately the systematic position of the 
genus. Hetschnikoff, it is true , with his usual perspicuity, was lead 
by his researches to class the Myzostomidae among the Chaetopoda^ and 
indeed, as a special division Chaetapoda parasitica; but while the 
views of this distinguished zoologist were adopted by many others, in- 
cluding Glaus in his Grundzlige der Zoologie^, Prof. Graff in his 
Monograph and later papers on the group regarded the genus as allied 
to the Tardigrada and Linffuatulidae. With what justification we shall 
see in the sequel. 

Methods of research. 

A few words on the methods employed may perhaps not be out of 
place. The development was mainly studied on the living animal. Con- 



1 1. c, p. 66. s Yierte Auflsge. 1880. p. 506. 
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served material in whatever way prepared yielded bnt little result. 
Larvae were prepared in all sorts of ways for microscopic examination, 
mounted whole and in sections. But the nsnal result was disappoint- 
ment. Hence the drawings of the development given are mostly from 
the living object, and only in the case of two are sections figured. The 
above applies only to the segmentation and true larval stages. 

My earlier attempts to effect artificial fecundation were, like 
those of my predecessors , without result. And so in the earlier por- 
tion of the research larvae had to be sought with great trouble, 
and in few numbers in the glasses of sea->water in which Comatulae 
with Myzostamidae had been placed. This was a very troublesome 
and tedious proceeding especially as it was impossible to keep the 
Comatulae alive in small glasses for any length of time. Still it was 
not uncrowned with success , for it yielded a tolerably complete picture 
of the whole course of development, which served to control s^nd 
verify the later researches on segmenting eggs and larvae obtained 
by artificial fecundation. To obtain naturally fertilised eggs the fol~ 
lowing method, provided Comatulae are very abundantly to be had, 
yields very fair results. A number of Comatulae infested with large 
full grown Jf . glahrum are taken , and the arms cut away not far from 
the disc. The Comatulae with their Myzostomidae are then placed 
in small deep glasses filled with sea-water , and a gentle current of 
sea- water is allowed to flow thro^ the upper part of the glass. £^s are 
laid pretty nearly every day , if not every day, and as these eggs are 
specifically heavier than sea-water, they sink to the bottom. If after 
one day the Comatulae be placed in a fresh glass, the water in the first 
glass will contain a number of segmenting eggs or larvae the age of 
which is approximately known. These may be kept living 4 or 5 days 
or even more, and examined at any stage. But by this method the eggs 
obtained are not very numerous , and after the Comatulae have been in 
the glasses a few days they usually break up, and then the parasites die. 

Whenever it was desired to examine the larvae contained in a 
glass, in the case of both naturally and artificially fertilised eggs, the 
water was filtered down to a small bulk. In this way a number of lar- 
vae could be obtained in a very small quantity of water at the bottom 
of the filter. 

This laborious method of obtaining larvae was superseded in the 
later portion of the work by the discovery of an easy method of obtain- 
ing artificial fecundation. A number of full sized Myzostomidae are 
removed carefully from their hosts, and placed in a small shallow glass, 
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Buch as a watch-glass, along with aboat two or three teaspoonftils of 
freshly filtered seawater; the animals are then well teased with clean 
needles, so that a great nnmber of eggs and spermatozoa are obtained 
in the seawater. The mixture of pieces of Myzostomidae is well stirred 
np and allowed to stand for two or three hours. Then the pieces of Jfy- 
zostomidae are picked out with needles, and the water with its contained 
eggs thrown into a glass fnll of freshly filtered seawater. This glass is 
coYcred, and placed under the Andres air-apparatus, by which means 
a gentle current of air can be passed throogh it, and the water kept 
well aerated. 

Development then goes on and the larvae may be examined at any 
stage. It is easy to get them to develop for five or six days , but 
beyond that the usual well-known result ensues — most of the larvae 
die. It is well to renew the seawater every second or third day. This 
is easily effected. The minute larvae always remain at the bottom, and 
thus allow of the pouring away of the greater portion of the water, and 
so of its renewal. 

It is necessary to take at least four or five Myzostomidae in each 
experiment, for as the animals are hermaphrodite, self-fertilisation must 
be as far as possible avoided. The number of instances in which it can 
occur is, of course, very much diminished by increasing^the number of 
individual Myzostomidae used in each experiment. 

For the investigation of the later stages of the development — that 
is of the post-larval stages — the Comatulae were slowly killed in the 
well-known mixture of alcohol and seawater. The Comatulae were 
placed in a vessel contaioing a mixture of seawater with ten per cent Al- 
cohol. When dead they were individually seized with forceps, and well 
shaken in the mixture. The small Myzostomidae of both species, and 
also the full grown M, cirriferum are thus shaken off in great numbers, 
and ML to the bottom. The superabundant water is poured off, and al- 
cohol is gradually added until the animals lie in 90 % Alcohol. A great 
number may be then stained together and mounted for microscopic exa- 
mination. 



In the following portion of the work I have divided my subject 
under three heads, viz. Anatomy, Development, and section on the 
males of M. glahrum. 
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AnatMiy and Histology. 

Althongh it is not my intention to enter fally into the anatomj and 
histology of the adnh, nor indeed is sneh a task necessary, for Sbmpeb ^ 
and Gbaff> have both stadied it wiA great exactness and detail, still 
there are some points in which I am able to add to our knowledge onder 
this head. These chiefly concern the nervons system, sense organs, and 
alimentary canal. 

Skin and Sense organs. 

As is already well known the skin of MyzosUma is made np of a 
cnticle nnderiying which is a layer of cylindrical ciliated epithelinm. 
This cylindrical epithelinm is composed of cells the bases of which do 
not rest on a basement membrane, bnt are prolonged into processes 
which stretch into the snUyiDg cntis (fig. 32). 

Whether they are there connected with nerve ganglion cells or not, 
as Flemming has described in Molluscs, I have not been able to deter- 
mine, but hold it for probable. 

Fig. 32 is a camera lucida drawing nnder Vis ^Q- Homogeneons Im- 
mersion. In the other fignres in the plate the epidermis is represented 
somewhat diagrammatically as if it were composed of cells which are 
cylindrical along their whole length. 

The nuclei of these epithelial cells are pretty large and roanded, and 
stain deeply. When a well preserved section of the epidermis is exa- 
mined nnder very high power, such as that of an Yis in. Hom. Immer- 
sion, the protoplasm of Ac cell is seen to be finely striated, the striae 
passing from the nucleus to the external surface (fig. 32^. This striation 
is the optical expression of fine protoplasmic threads, which are in- 
deed the cilia, or rather direct processes of them. Thus the cilia pass 
through part of the protoplasm of the cell, and are directly comnected 
with the nucleus ^. 

In fig. 31 which is part of a section of the skin certain curious rods 
are seen, these I take to be a sort of sense organ, probably of touch. 
The preparation is from an animal killed and stained with osmic acid. 
It is seen that these sense organs consist of short spindle-shaped rods of 
considerable length. They are composed of chitin, and show a doable 
contour, and hence are hollow. They are set directly on the cuticnla, not 



U. C. 2 1. C. 

3 These fine striae are not well shown in the figure. 
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very widely apart. They are not y^y nmnerons, and in ihe whole series 
of sections of one animal not more than seven or eight were found. The 
only case in which I fonnd them was in a perfectly normal individnal 
M. glabrum, killed with osmic acid. I have never fonnd them before 
or since. Their (mly possible function must be that of touch. 

It is very cnrions that they shonld only have been fonnd in one in- 
dividual, and this fact I can only explain by the supposition that they 
are disappearing sense oigans. In the particular individual in which 
they were found their presence may be due to a reversion to an ancest- 
ral condition. Their absence in other individuals cannot be explained 
as due to bad preparation, for they were not to be found in specimens 
prepared in exactly the same manner as this particular individual, and 
indeed prepared with special reference to these supposed sense organs. 

Nervous System. 

The nervous system was first discovered by LovigK, and was des- 
cribed more in detail by Sempeb ^ in M. glabrum. Sbhper referring to 
its finer structure says: dEs besteht nXmlich aus einer feinkOmigen 
ftuBeren Eiemlich dicken Schicht, und einer centralen Ubiglichen Masse, 
welche innen riemlidi viel dunkler geftrbt ist, als die Bindenschicht 
und aus zelligen Elementen zusammengesetzt zu sein scheint. ... An 
frischen, in Seewasser untersuchten Prftparaten sieht man jedoch deut- 
Hch, dass diese centrale Masse gans abgeschlossen ist und auf keine 
Weise durch Fasem mit den Nerven in Yerbindung steht.a The central 
mass described by Sbhfeb was considered by Obaff' to be made up of 
large ganglionic cells. 

With regard to flie finer structure of the nervous system, it is in- 
deed divisible into a central dark mass and an outer lateral much 
lighter portion. The lateral mass however is not »feinkOmig«r, but rather 
composed of numerous nerve fibres and connective tissue elements 
(figs. 33 and 34). It contains but few cells, and these apparently aU 
or mostly connective tissue cells. As one might expect the central mass 
is not closed off from the lateral parts, but is a direct continuation of 
them. It is a dense ceUular mass made up of connective tissue cells 
and nerve cells. In some cases it shows traces of a division into two 
lateral halves by means of connective tissue septa which pass part way 
into the central mass (fig. 33). 

The connective tissue cells are numerous, rounded or slightly oval 
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and thinly psdked. Hie gan^oa edb (ff.e) mre laige, with laige 
nneleiu and deeply rtumiigniiekoliiB. Theyarefewininimber. neyer 
mote tban rix or eig^ being seen in one tnuwrene aeetion. 

They poMees m nndetennined nnmbo' of proeeflBes wbieh end in 
nerre fibres. These gangiionie edls seem to be eonfined to the portion 
of tiie nfflTous system from which nerves, sad especially large nenres 
are given off. We haye indeed in their arrangement traces of a smes 
of gang^, which however by degeneraiioii have lost their primitive 
character of s^meotal ganglia. 

The whole nervons system is endosed by a layer of connective 
tissue , and lies in die connective tissoe onder tiie alimentaiy canal 
:fig. 37and3S;. 

Witiir^ard to the nnmber of nerves, flieir coarse etc. described by 
Prof. Graff^ I hare nothing new to add, and can only say that I have 
fiiiled entirely to find any oesophageal collar. If sach a collar existed, 
and especially if it had the form and relative siae figured by Graff in 
Plate XI fig. 8, it conld hardly escape being seen in sections. Prof. 
Graff only fonnd it once in M. cirrtferumy and tiien onder the dissect- 
ing microscope. In spite of all a priori probabilities and all possibili- 
ties of its presence I cannot bnt think that at present the evidence is a 
little nncertain. 

Against a priori reasoning in (ayonr of its presence it may be urged 
that Myzosiama has no head and no head sense organs, henee can have 
no nse for a snpra-oesophageal ganglion and nerve collar w for either. 
The rest of the nervous system , which chiefly supplies muscles , in 
spite of its size, is not very highly developed. Indeed the whole con- 
dition of the nervous system points to degeneration. 

Alimentary CanaL 

A few words as to the character of the epithelium in different por- 
tion of the canal. The epithelium is cylindrical throughout , but on the 
dorsal side of the stomach it is not so high as and more square than 
on the ventral (fig. 35). This condition is reversed in the intestine, 
there it is the ventral portion which is flattened while the dorsal portion 
is composed of long narrow cells (figs. 37 and 38}. 
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Deyelopment. 

The egg. 

The ovary of Myzostoma Ib not a well defined organ. The ova are 
scattered and lie in and among the connective tissne. The development 
of the ovaricB is not known, a gap in onr knowledge which I hope later 
to fill np , bnt since the ovary fills np all the body space , not occupied 
by the testes and nervons system , between the alimentary canal and 
the skin, it can be regarded as derived from the epithelium of the body- 
cavity, which by the great development of the sexual organs has be- 
come greatly modified so that it has practically as a body-cavity dis- 
appeared , only the parts concerned in the sexual function remaining. 
Perhaps rather we may say the whole of the epithelium of the body- 
cavity has acquired the function of producing sexual cells. 

In a transverse section of a mature hermaphrodite one meets ova 
in aD stages of development lying in nests of connective tissue (PI. 2 
fig. 36). The youngest ova are small, possess only a dark staining 
nucleus, and no germinal spot, and are hardly distinguishable from 
connective tissue cells. 

Soon a germinal spot is formed by the collection of the chromatic 
substance of the nucleus, and the growth of the achromatic substance. 
Thus even in young ova of 0,008mm in diameter we find a darkly 
staining germinal spot (fig. 36) enclosed in a germinal vesicle of fairly 
large size. The germinal vesicle has a distinct membrane and clear 
non-staining contents. The protoplasm of the egg is somewhat granular. 
In the course of its development yolk is formed in the egg, perhaps in 
the way described by Will ^ in Amphibia and Insects , for I have 
noticed and figured small bodies in the germinal vesicle and in the 
protoplasm of the egg (fig. 39 A,/, p) which seem to proceed from the 
germinal spot. These bodies appear to me to be exactly analogous to, 
and to have the same characters as those in Amphibia and Insects. My 
friend's complete paper is not yet published, so I will only draw atten- 
tion to the fact. In the ripe egg (fig. 1) one sees usually a dark- 
coloured mass in the protoplasm , which I identify as the so-called 
yolk-nucleus of other animals. It is situated at the vegetative pole of 
the egg , and has usually not very well defined outlines ; but in some 
cases of hardened and stained eggs it seems to have a curved sharp 



^ VTiLL, t^ber die Entstehung des Dotters und der Epithelzellen bei den Am- 
phiblen und Insecten. Zool. Anzeiger. 1884. No. 167. 168. 
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well defined form. Probably this is dae to the effects of reagents. The 
mature eggs, when squeezed oat of the body in mass, are of a delicate 
pinkish colour. In diameter they are in the average 0,036 mm with 
germinal vesicle of 0,012 mm and germinal spot of 0,004mm diameter. 

Spermatozoa. 

Under this head I will only say that one very often notices qnan- 
tities of undeveloped mother-oells of Spermatozoa in the vasa deferentia 
of the male of M. glabrum. 

Fertilisation. 
The usual preliminary to fertilisation here as in other cases is the 
formation of the polar bodies. Usually Acre are two in number. About 
a quarter, more usually half an hour, after the egg leaves the body the 
first polar body is pinched off (fig. 2). The egg becomes somewhat 
flattened at one pole, and a small perfectly clear vesicle is pushed out. 
Shortly after the formation of the first the second polar body is also 
formed, and the egg is ready for fertilisation (fig. 3). The second polar 
body is often larger than the first. Among my notes is one to the effect 
that the polar bodies appear sometimes to be formed after segmentation 
has actually commenced. If this be the case it would lend some sup- 
port to the view, advanced I think by one of the Professors HESTWia, 
that the formation of the polar bodies is to be regarded as abortive at- 
tempts at segmentation. After fertilisation the egg becomes surrounded 
by a membrane. 

Segmentation. 

Segmentation usually commences three hours after the eggs are 
laid. It is complete but unequal , and indeed follows the usual Chaeto- 
pod type. It has already been fairly described some 18 years ago by 
Mbtschnikoff ^, but as there are some additions to be made, and in 
order to give a complete picture of the whole course of development, 
any recapitulation may not be out of place. Segmentation usually be- 
gins in the artificially fertilised egg two or three hours after it leaves 
the body. The fertilised egg lengthens somewhat, the usual nucleus 
spindle is formed, and division takes place. Two segments are formed, 
one of which, viz. that at the animal pole of the egg is very much 
smaller than the other , being in fact not more than a quarter the size 
of the other. The yolk and yolk-nucleus are confined to the larger seg- 

4 1. c. p. 237. 
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ment (fig. 4). A period of repose then ensues. Fifteen minntes after 
the first division, the larger of the two segments divides and once more 
in such a manner that one of the resulting segments greatly exceeds 
the other in size (fig. 5). Thus there are now three segments all of 
unequal size , viz. a small segment as the result of the first division, a 
larger segment and one double the size of this, the latter two formed in 
the second division. Again there is a pause about a quarter of an hour 
and then the rhythmic act of segmentation proceeds. In the next division 
the smaller of the two last formed segments is alone concerned. It 
divides into two pretty equal halves. At this stage (fig. 6) the segment- 
ing egg consists of three pretty equal small spheres ; the future epi- 
blast, and one large hypoblastic sphere, the latter containing the yolk, 
and also the yolk-nucleus, which at this stage is still visible. 

The succeeding stages vary somewhat, tho' the final result is the 
same. Indeed here we have variations similar to those recorded by 
Wilson ^ for Renilla. The variations here are not so numerous, indeed 
they are only two in number. The first mode is a successive division of 
the epiblastic spheres commencing with the one first formed, that iS; with 
the smaller of the two first formed segments. Its division is followed by 
that of Ae other two epiblastic spheres, one after the other (figs. 7, 8, 9) . 

In the second mode the whole three of these epiblastic segments 
may divide simultaneously (fig. 9). In both cases we get as the result 
one large hypoblastic segment, and six small epiblastie segments, which 
form a hood or cap over the former (fig. 9) . The hypoblastic segment 
now divides into two equal spheres (fig. 10), in some few cases this di- 
vision only takes place after some of the epiblast spheres have again 
divided (fig. 11). The epiblastic spheres now all divide and in doing 
so grow more and more over the hypoblastic cells. The division goes 
rapidly on, but is very difficult to follow in such smaU elements. It 
results in the enclosure of the hypoblast cells within a layer of epiblast 
cells. The point where the epiblast cells meet, viz. the blastopore, closes, 
but on its site is formed the future mouth. A stage just before the 
closure of the blastopore is shown in optical section drawn under Vig 
in. Leitz Homogeneous Immersion in fig. 13. Here the layer of epiblast 
cells encloses four hypoblast cells, and two mesoblast cells, the latter 
being darkly coloured for the sake of distinction. All these six cells 
have been formed by the division of the two hypoblast cells. 



1 £. B. Wilson, Variation in the yolk-cleavage of EeniUa, Zool. Anz. 1882. 
p. 545—548. 
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Segmentation is completed Bome few honn after feitilisation, bat 
the embryo is still enclosed in the vitelline membrane. Soon the epi- 
blastic cells acquire cilia and the embryo rotates within the membrane 
(fig. 12). About twenty-fonr hours after the egg is laid the embryo is 
hatched and the free-swimming larval stages are entered upon. 

Larval History. 

The larval history may be divided into three well marked periods. 
Firstly the period during which the larval dliation is not split up into 
rings. This period extends over the second day after the egg is laid. — 
Secondly, the period in which rings of cilia are differentiated, and in 
which Hie krva is still free-swimming. This period extends from the 
end of. the second to about the eighth day or thereabouts. Lastly, the 
period in which the larva is no longer free-swimming but has its seat on 
a Camatula, 

Earlier larval Stages. — First period. 

When the embiyo leaves the egg to enter upon its free larval exis- 
tence it is a minute, somewhat oval, ciliated semitransparent being of 
about 0,05mm in length (fig. 14]. Its body is made up of an epiblast 
of one layer of ciliated cells, and of certain larger and darker cells, 
few in number, enclosed by the epiblast cells. These larger cells are the 
ftiture hypoblast and mesoblast (fig. 15). Alimentary canal and month 
are not yet developed, and the blastopore has closed. A cuticle is 
present, of a structureless nature, through which the dlia pass. 

The dliation even at this early stage is not simple and uniform. 
The larva figured by Mbtschnikoff is in this respect not correct. The 
ciliation is difficult to make out, but appears to have much the same 
sort of peculiarity of arrangement as in the adult. The cilia are not 
uniformly scattered over all the cells of the epiblast, but are arranged 
in bunches or clusters, and are somewhat stiff (fig. 14). Nor is it ar- 
ranged over the whole body, for the future anal region is destitute of cilia 
(figs. 14 and 15). The larva soon lengthens, and assumes somewhat of 
a pear shape (fig. 16). Towards the end of the second day, or early in 
the third, the mouth is developed as an epiblastic invagination on the 
site of the blastopore. This invagination grows inwards to meet the 
stomach which has meanwhile been formed as the result of .division of 
the hypoblast cells. The mesoblast cells have also probably increased in 
numbers, and a little later furnish muscle-cells to the stomodaeum and 
stomach, some portions of the primitive mesoblast however still remain 
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in an embiyonio condition, and these, as will be seen, later lie on each 
side of the alimentary canal in the hinder region of the larva. The anns 
too, is now formed at the narrow or pearshaped end. To the ventral 
side of the anns a papilla grows out, and on tiie dorsal side of this the 
anas opens dnring larval life. 

Middle period of Larval history. 

The larva now enters npon a series of changes by which it is spe- 
cially fitted for a conrse of free larval existence. These changes con- 
sist chiefly in the development of provisional setae, and in the restriction 
of the ciliation to certain regJins of the body. These things occur soon 
after the formation of the mouth. The cilia are absorbed except in cer- 
tain definite regions. On the »Scheitelfeld<K or apex of the praeoral lobe 
of the larva fte cilia become diminished in numbers, but at flie same 
time they grow very mnch in length, and then form a crown of stiff cilia 
on the Scheitelfeld (figs. 18, 19, 20). They are few in number, long 
and fine and radiate somewhat from the centre, adding mnch to the 
beauty of the larva. 

I have never been able to distinguish a ring of praeoral cilia, and 
in the absence of this I fear that the Myzostoma larva varies from Hat- 
schek's ^ typical Annelidan larva. But seeing that in but few Anne- 
lidan larvae this complete series of rings of cilia is developed , the ab- 
sence of this particular ring cannot be taken as strongly militating 
against the placing of Myzostoma among the Chaetopoda. No praeoral 
circlet of cilia exists in this or any subsequent stage unless we regard 
the crown of cilia in the praeoral lobe as the remains of one. This we 
are hardly justified in doing, as will be pointed out later. The region 
in front of the month, that is to say the praeoral lobe, in Ae larva is 
very small and not well developed. Indeed the absence of any well 
marked head region on the adult is reflected in part in the larva. But 
a very well developed post-oral ring of cilia occurs (figs. 20, 21). The 
cilia are long, mobile and pretty thickly set. They are especially nu- 
merous and long directly behind the mouth on the ventral side. 

Further back we get a praeanal circlet of long cilia directly in 
front of the anus, and a number of long stiffish cilia on tibe post-anal 
papilla (figs. 21, 22). 

Simultaneously with the above alteration in the ciliation the larva 



^ Hatsobbk, 3tadien liber die Entwicklungsgeschiehte der Anneliden. Ar- 
beiten a. d. Zool. Institut zu Wien. Bd. I. Heft HI. 
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aeqaires proviiioiuJ setae. These begia to arise towards the end of 
the second day (fig. 17). They probably arise inepiblastic sacs. On 
each side of the body and at some distance behind the month a pair of 
chitinoas rods are developed. The two setae on each side are formed 
close together and at the same time. They grow rapidly and when the 
larva is three days old they are already of fairly considerable size 
(figs. 19, 20). Bnt fhey have not then attained their full growth, but 
continue to grow until the krva is about seven days old (figs. 21, 22) . 
At this time they are very long, even longer than the larva itself. 

Subsequent to the third day the setae are usually increased in 
number, but there is never in the larva a segmentaliy arranged series 
of setae, such as 05tte ^ desmbed and figured for Nereis DumerUU. 
A rough sketch of 6()ttbs fig. 19, Plate VI I have given on fig. 29. 
With the formation of the provisional setae the development of muscles 
to move them becomes necessary. These latter appear to be formed by 
the proliferation of part of the primary mesoblast. So that on each side 
of the body muscle-cells are given off firom the mesoblast, and these 
become attached to and lie in close connection with the inner wall of 
the setiferous sacs (figs. 27, 28). 

At this stage the thickening of the ^iblast of the frontal lobe also 
begins. In other words the larval nervous system begins to be formed. 
When these things have taken place we have a larva such as is r^re- 
sented in figs. 19, 20 and 21. Fig. 19 represents a larva otJU.glabrum 
of 4 days and fig. 20 one of M. cirriferum in the same stage of develop- 
ment The two figures are given so as to admit of the comparison of 
the larvae of both species. A c(Hnparison which readily leads to the 
conclusion that at this stage the development is practioidly the same in 
both species. 

The larva of three days is in a condition to provide for its own 
nutrition, and so is pretty well fitted up for a free existence. It pos- 
sesses fully formed mouth, alimentary canal and anas. It has two rings 
of cilia, one immediately behind the mouth to provide its nutrition, and 
one in front of the anus to facilitate its locomotion. In addition it has 
otiier locomotive organs m the provisional setae, which are well pro- 
vided with muscles, and subserve the double purpose of locomotion and 
protection. 

Further the larval nervous systrai is pretty well developed, and 



1 GdTTB , Abhandla&geii znr EntwicklungBgeachiolite der Tkiers. I. Heft. 
Taf. VI Fig. 19, 20. 
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on the surface of the praeoral lobe are planted a nnmber of long fine, 
stiff eilia wfaieh are probably processes of the Unral nervous cells, and 
hence may be regarded as larval sense organs. All these things are 
figured in figs. 19, 20, 21, 22. During the following days, from the 
third to the seventh the development consists merely in an increase in 
size of the larva and in the further differentiation of the organs abready 
present. 

It might a priori be expected that on the third day or subse- 
quently traces of segmental organs would be formed. This is however 
not the case. In spite of very much time and trouble spent in attempts 
to find such organs the result at all stages of the larval history has been 
purely negative. I can only conclude that in Myzostoma segmental 
organs are not formed during the larval development. This absence of 
head kidneys cannot I think be considered as reason for shutting Myzo^ 
stoma out of the group of Ghaetopoda, for judging by the observations of 
GoTTB it shares this negative character with Nereis Dtmerilii, at least 
in his work segmental <Mrgans are neither mentioned in the text nor 
figured in the plates. Further at the time of writing this so little is 
published concerning the occurrence of larval segmental organs among 
the Ghaetopoda that failure to find them in the larva o{ Myzostoma need* 
occasion little concern. In figs. 21, 22, 23 and 24 larvae from the fourth 
to the seventh day after fertQisation are figured. The main difference 
they show from three days faurvae consists in increase in size. 

The larva can now move about in search of food. Its nervous system 
has reached a fair develofmient, and is well marked in every individial 
(figs. 23, 24, n.s.l). In fig. 24 especially it is a prmninenl feature. 
This figure and fig. 23 riiow too a rentral thickening^ of the epiblast, 
which has now formed. This is the foundation of the future ventral 
gangUonie mass. The sense haira on the praeoral lobe have not grown 
and remain in much the same condition as on the third day (%s. 21, 
22, 23, 24, «.A). 

In fig. 24 is also seen a muscle cord, which like that described by 
Hatschek^ in Polygordius passes from the apex of the praeoral lobe to 
the head end of the larva. 

The aHmentaiy canal is now very fully developed, and has ac- 
quired the foundation of Ihe future proboscis. This latter is at this stage 
not protrusible but is very muscular. It has been formed by the develop- 



*■ Hatsohek, Studien liber Entwiokl. der Anneliden. Arbeiten a. d. Zool. 
Institnt sn Wien. Bd. I. Heft in. p. 31. 
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ment and arrangement of mascle cells aronnd the Btomodaeam. The 
stomach (fig. 21 , 24) is large and well marked off from the stomodaenm 
and short intestine. 

In some larvae the primitiye two pairs of setae are the only ones 
deyeloped, and exist still at the fifth or sixth day, having only increased 
in length. In most cases however additional setae are formed, and 
the larva of five days very often has free pairs of long setae, which 
Qsually eqnal the length of the larva itself and very often exceed it 
(fig. 21, 22). The anal papilla is now well developed and retractile. 
The anus still openS on the dorsal side of it (figs. 22 and 23) . Two 
sections of five days larvae are given in figs. 27 and 28. In them it is 
easy to recognise the larval nervous thickening of the praeoral lobe and 
the muscles and sacs of the setae (se.s). But they also show another 
point. This is that certain of the mesoblast cells remain in an embry- 
onic state as two bands, and are not functional in the larva. These cells 
(me.r) first take on a renewed activity on the later stages, and form in 
part or entirely the musculature of the permanent feet. We shall have 
occasion to refer to these later on. 

In aquaria placed in the working room of the zoological station of 
Naples the period of free larval life appears to last for seven or eight 
days. This is of course at the relatively high temperature, compared 
with that of the sea, obtaining there. Whether it be of longer duration 
in the natural state at the sea bottom is not determinable. The larvae 
appear to be exclusively bottom forms. They swim and creep about the 
bottom in search of food. This fact coupled with their minute size^ 
never more than 0,08 mm in length, accounts for their not having been 
previously observed. Small as they are they could hardly have escaped 
observation had they been surface forms. They are somewhat sluggish 
creatures and do not move about very much. When they do move it 
appears to be sometimes by the aid of tiieir setae, sometimes by the aid 
of their cilia. 

Third period of larval history. 

The larva described in the preceding pages attains its full develop- 
ment as a larval form when about four days old. When about seven 
days old its characters begin to alter. Already in fig. 24 the setae are 
partially cast off. 

It is now preparing to take up its adult habitus on a Cotnatula. To 
this end the provisional setae are cast aside (fig. 23) and the larva 
moves about with a worm-like motion, reminding one very much, if the 
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comparison may be made withont danger of falling into morphological 
errors, of the crawling of a Tardigrade. 

The rings of cilia become again broken up. Fig. 25 shows a larva 
of eight days. It has lost its setae but has not developed any perma- 
nent limbs. However it appears to possess two somewhat ventrally 
placed processes [p,p) which may aid it in its endeavonrs to attach 
itself to a Comatula. It is the only larva with these processes which I 
have observed, for nsually I was unable to keep them living for so 
long as in this particular case. Hence the possibility of its being a pa- 
thological larva must be borne in mind, and for myself I do not believe 
it is a normal stage. 

In no case have I found larvae in a free state with permanent legs 
developed or even with traces of them. On the other hand I have found 
on a Camatula a larva (fig. 26) in which only the rudiments of one pair 
of limbs are present, and these of so small a size that it is inconceivable 
that they could be of any use to it in finding its way to a Comatula, or 
in retaining its place when there. Hence it may be concluded that in 
the free state no farther stages of development are passed through, and 
that the rest of the development takes place on the ConuOula, This 
conclusion I think may be accepted in spite of the fact that I have been 
unable to trace actually the passage from the free state to that on the 
Crinoid. The difficulties which prevent success in all attempts in this 
direction are twofold : the extreme smallness of the larvae and the well 
known difficulty of keeping chaetopod larvae living for many days to- 
gether. In any case the stages not observed cannot be of any great im- 
portance, since it is pretty certain that no permanent claws are developed 
until the larva is on its host. And certainly no other organs are devel- 
oped till then. 

And now it becomes a very interesting question ba to how the larvae 
get on a Comaiula, or even find one at all. It is certain that when in 
possession of provisional setae and ciliated rings it does not take possession 
of its host, for if it did, such larvae would be found among the ani- 
mals which fall off in the alcohol when a Comatula is killed in the way 
described in the earlier pages of this paper. But no larvae wiA pro- 
visional setae are found there, and the youngest found (fig. 26) has 
traces of one pair of permanent legs. 

The muscular processes figured in the one larva (fig. 25) even if 
they be such, can hardly be of much service. And indeed I am inclined 
to think that the larva finds its host in a much simpler manner than by 
any use of its own limited senses or of its own muscles. Probably the 
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larva finds its way to its host purely by ebanee. That is to say it is 
merely carried to the Comatula by means of the earrents of water caiised 
by the arms of the latter. If a larva, and especially such a minute one 
as that of Myzostama where caaght by this current it would in the na- 
tural course of events be carried along the ambulaoral groove towards 
the mouth. If it were able by means of claws, or of some secretion, or 
even by the use of its cilia, to save itself from being devoured, it would 
stand a fair chance of further development, and would have the means 
of increasing rapidly its size in the food current passing along to the 
mouth of its host. 

How it is able without claws to hold its own against the forces 
tending to draw it into the mouth of the Comatula is not easily answered. 
But that it does so in some way is certain. When possessed of two 
pairs of claws, its position is pretty secure, for I have observed that at 
this stage they have a very firm hold on Comatula, In the tanks of the 
aquarium of the Naples zoological station, the Comatulae sit in great 
numbers on the stems of dead corals. But in addition a considerable 
number take up their position near to or on the floor of the tank. Now 
it has been shown that the larvae of Myzostoma frequent the bottcmi, 
and thus Comatulae on or near the bottom will be in a better position 
for becoming host to larvae of Myzostoma than those further away. 
Some observations made in the aquaria seem to show that this is really 
the case, and thus that the current theoiy has some foundation. At one 
time, for some days on account of the stormy state of the sea, freshly 
caught Comatulae were not to be had, and so I was obliged to fall back 
upon those contained in the aquarium of the station. It was then noticed 
that those Comatulae which were sitting on or near the bottom were 
much more invested with Myzostoma than those which clung to the sides of 
the tank or to the stems of the corals. It has been shown in the preoeding 
pages that the larvae are bottom forms, and a priori it is what one 
might expect that individual Comatulae which frequented the bottom 
would be much more invested than those living at some distance from 
it. In this connection it may be mentioned that a Comatula seldom or 
never changes its position if not disturbed. I have observed a Comatula 
sit exactly in the same place on the stem of a dead coral for over a month 
without changing its position. If this current theory be true an interesting 
result would follow, viz. that only such larvae as were not too large to be 
carried by this current would obtain a host and so be in a position for 
further development. Thus the size of the larvae would be kept within 
certain limits. Perhaps this is the reason, why the larvae are so small. 
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Chance is an element , which enters into the life history of other 
parasites besides Myzostoma. One need hardly mention the eggs of 
tapeworms etc. 

With its acquisition of a host the larva is led to further development, 
the end of which is the attainment of the adult foim. The cuticula 
which IB not so well developed in the earlier larval stages attains now 
to some thickness (fig. 45) . The ciliation is of the same character as 
that of the adult. It is no longer confined to definite regions of the body 
but as in the adult consists of cilia arranged over the whole body in 
branches or groups. 

Certainly the most striking changes consist in the development of 
the legs. They are formed in the hind region of the larva. This region 
without taking on at first external segmental characters begins to form 
segmental appendages. The legs are formed from before backwards, 
in what are probably epiblastic sacs. At first the setae are straight and 
without hooks, but they soon become hooked, the direction of the hook 
being inwards towards the median line. The anterior pair are first 
formed , and then the other four pairs in succession from before back- 
wards. In addition to the external phenomena observed in the formation 
of the limbs, there are certain internal processes going on which con- 
cern the mesoblast. It was pointed out when discussing the larva of 
five days old that certain cells of the mesoblast remain in an embryonic 
state, apparently without function in the larva (figs. 27, 28} . 

These cells, which occupy a position on each side of the alimentary 
canal in the hinder part of the larva, now become active, divide rapidly 
and form a mass of cells, which are well seen in figs. 4], 44 and 48. 
With the formation of the first pair of legs a certain portion of this mass 
on each side becomes segmented off from the rest to form the future 
musculature of the legs (fig. 48). So too in the case of each additional 
pair of legs. Thus the mesoblast becomes segmented. A little later this 
internal segmentation extends in part to the external portion of the 
body, at least in M, cirriferum (fig. 48). But in later development the 
external segmentation is not obvious and in this absence of external 
segmentation Myzostama resembles Polygordius. 

During the whole period of the development of the legs the alimen- 
tary canal is quite simple in character, and the stomach has no diverti- 
cula. The proboscis increases in size and becomes more retractile than in 
the earlier stages. It is only sometime after the complete complement 
of legs is formed that the alimentary canal acquires its diverticula. 
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NerTons System* 

The nervous system apparently consists in the later development 
of a ventrally placed mass of cells , which during all the stages of de- 
velopment of legs is closely connected with the skin. In spite of much 
search I have been unable to find traces in the later stages of the func- 
tional lan-al nervous system , and believe it entirely disappears. In- 
deed my researches on both larva and adult lead me to the conclusion 
that no supra-oesophageal ganglion is present in the adult, nor have I 
been fortunate enough to find any trace of the oesophageal ring de- 
scribed by Gkaff ^. So far as I can judge the nervous system of 3fy- 
zostoma is as follows. In the larva it consists of a median thickening 
of the epiblast of the apex of the praeoral lobe. In die later stages of 
larval life this larval nervous system completely disap- 
pears. In the adult the nervous system consists solely of a ventral 
mass of cells and connective tissue, which mass as will be shown later 
presents traces of an origin from the fusion of several ganglia. 

Bebgh' has shown that the nScheitelplatte von NepTielxs ist dem- 
gemHB ein verg&ngliches Embryonalorgan , dessen Zellen sich flber- 
haupt nicht als Ganglienzellen ausbilden, und das Gehim entsteht (wie 
schon Semper angegeben] aus den von Anfang an paarig sich ent- 
wickelnden und erst sp&ter fiber dem Schlunde sich vereinigenden 
Eopfkeimen.a 

My own researches on Myzostoma lead me to accept the above 
view. Though the 3>Scheitelplattea of Myzostoma is functional as brain 
in the larva , I believe it has nothing to do with the formation of the 
adult nervous system. The larval nervous system like the )*Scheitel- 
platte« of NepheUs is only a transitory embryonic organ. In the adult 
no supra-oesophageal ganglion is developed and no rudiments of it are 
laid down in the larva. In fact one is led to the conclusion that the 
supra-oesophageal ganglion o{ Myzostoma in consequence of retrograde 
development and degeneration has completely vanished from the indi- 
vidual ontogeny. 

On the development of M. cirriferum. 

In the preceding pages the development of 3/. glahrum has been 
chiefly considered , and now this must be compared briefly with that of 



I 1. c. p. 56. 

> R. S Bergh, Thatsacben ans dcr EntwickluDgsgeschichte der Blutegel. 
Zool, Adz, 1884. Nr. 164. p. 93. 
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Jf. cirriferum. Metschnikoff'b paper ^ on the developinent of the 
group referred chiefly to M. cirriferum. I have not given in detail the 
development of this species , firstly because the segmentation has al- 
ready been described and figured by Metschnikoff , and secondly, 
because the development differs only in the minutest details from that 
of M. glahrum. A few words may be added here. The egg does not 
differ appreciably in size from that of Jf. glabrum. The eggs of M. 
oinnferum however seemed to be a little more transparent than those of 
M. glahrum. The segmentation is practically identical in both species. 
But when the first two segments are formed the larger of the two does 
not ezceed the smaller in size to the same degree as in M. glahrum. This 
is even more the case when three segments are present, then all three 
do not differ much in size. Still the future hypoblast cell is larger 
than the other two. This has been correctly figured by Hbtschnikoff. 
It is due perhaps to the fact, that the egg of M* cirriferum possesses 
rather less yolk than that of M. glabrum. Further it may be remarked 
that in Metschkikoff's fig. 6 , pi. XIII one of the segments has ob- 
viously been overlooked and is not figured. My figure 10 shows this 
«tage. 

In the further development the larvae are exactly alike in both 
«pecies. In fig. 20 I have given a larva of M. cirriferum at the age of 
three days, and by its side fig. 19 one of M. glahrum aged four days. 
The resemblances, almost amounting to identity, will be obvious at once. 
It is the same in the further development. 

Systematic position* 

It may be questioned whether any animal has been so pushed 
about from one division of the animal kingdom to another as Myzoatcma. 
The most diverse views have been and are still held as to its proper 
systematic position. 

This is no doubt due in great part to the absence of any complete 
knowledge of its development. But now that this gap is in great part 
at any rate filled up , it may be hoped that the genus will be allowed 
to enjoy a little well-earned repose. 

Its discoverer; F. S. Leuckabt, regarded it as a Trematode. Jo- 
hannes MtjLLER and Lov£n were inclined to place it among the Tardi- 
grada , Lovix at the same time holding it to have affinities with the 
higher Annelida. Siebold looked upon it as a link between the Chae- 
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topoda and Trematoda. but placed h amon^ the Ckaetopodm. Br VjkX 
DEE HoETcr it wa» elated amoo^ the pararitk Cnuimnm. wlule Die- 
iiiYO elamed it with Hufriohdella among die Leecbes. It has been 
placed amoo; the TwheUaria by M. Schixtzb. aaww g &e Crmgtmeiea 
by LermG and Cast^ . while Sempes considered it iBpoasible witfaovt 
knowledge of its derelopment to determine its position witt any pre- 
tension to certainty. Xererdieleas his fignre of a larra with two pairs 
of l^s . and some external resemblance to a Xm^ims led Casts and 
others to the conclnsion, that the group had some relationship with the 
Crmtar-ea — a Tiew held so recently as 1 SSI by Prof. Hksses in Hee- 
%ASs^ Handbncb der Fhysiologie. Bd. VI. p. 99 . who ^eaks of it as 
a small '^Krebscfaenv. Four 2^1ogists have in tbdr works recognised its 
tme nature. R. Lecckabt. METScmnKOFF. CixAUS and Bctbchu aD 
agree in pladng it among the Chaeicpoda — a position wUeh its de- 
Tclopmental history most certainly entitles it to. Geaff in his Mono- 
graph of theCrenns places it near the Tardigrada and nnites &e Tardi' 
grada, Linguaiulidae, and Myzotiomidae in one dirisioB mSieekdopoda. 

This view is repeated as Ae result of his latest researches on the 
ChaDenger- and other Jfyzostamidae in the TageUatt der V^nammhing 
der dentschen Katnrforscher nnd Arzte in Freiborg ISS3. report of 
First Meeting. 

It would be useless to enter into a long discossion of die reas(Mi» 
for refusing to place Jfyzostoma among the Tremai4>da^ Leeebes, Tur- 
hellaria or Crustacea, They are obyions on the fiice of it . for the de- 
relopment as described in the preceding pages and figured in the Plates 
cannot be made to fit in with the deyelopment of any of these groups. 
And thus Acre only remain to discuss the claims of the Tardigrada and 
Chaetopoda. Reasons must be giren against their relationship to the 
Tardigrada^ because they hare been {daeed near these by the greatest 
authority on the genus, Prof. Oeaff. So far as I know the only paper 
we possess on the dcYclqiment of the Tardigrada is one published in 
1 851 by Kaufmahn >. The development is there described and figured 
as being a direct one, and in no way does any part of the segmentation 
and complicated deyelopment of Myzostama allow of comparison with 
that of MaerohioUu. Nor are the superficial resemblances in adult ana- 
tomy such as really to justify an assumption of relationship. Some 
species of Jfyzostomidae like the Tardigrada are hermaphrodite , but 



1 Zeitschr. f. wiss. Zool. Bd. III. — A remarkably good paper conrideriDg 
that it was written long before onr modem methods of research were invented. 
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flome such as M. cysticolum etc. are bisexual. Neither are the sexual 
organs built on the same plan in both groups. In the Tardigrada the 
oyary is a small well defined compact organ producing a few large 
6ggs, according to EL^ufmann seven or eight in number. In Myzostoma 
it is not a compact organ , but is scattered throughout the body and 
produces great numbers of minute eggs. The complicated male organs 
of the Tardtffrada to an even less degree show resemblances to those 
of Myzostoma. In the latter the legs are not built on the same plan and 
are not equal in number to those of Tardigrada, The Myzoatomidae are 
ciliated, the Tardigrada not. 

But if all anatomical likenesses were granted there would still re- 
main the insurmountable obstacle of the development. The larva of 
Myzostoma with provisional setae is undoubtedly allied to the Chaeto- 
pods. Indeed the only group to which it can belong is the Chaetopoda. 
If we compare it with 66ttb's larva of Nereis Dumerilii, a rough copy 
of which is given in fig. 29, the resemblances will be obvious enough. 
Both have a praeanal ring of cilia. Nereis Dumerilii has also a praeoral 
ring, \Ai\\d Myzostoma has a postoral. Both have mouth, simple alimen- 
tary canal and anus. Both have a thickening of the epiblast of the prae- 
oral lobe which functions as the larval nervous system. Both have also 
« similar ventral thickening of the epiblast , which is the rudiment of 
the future ventral ganglia. 

Both have provisional setae, the only difference here being that in 
Nereis Dumerilii the larva is segmented, while in Myzo- 
stoma it only becomes so in the later development. So in 
Myzostoma the larval setae are not arranged as in Nereis Dumerilii. 
The latter possesses an eye, while Myzostoma does not, but then in 
Myzostoma the region in front of the mouth is somewhat rudimentary 
^nd in this rudimentary condition of the praeoral lobe one sees the 
reason of the main difference between Myzostoma and more typical 
Ohaetopod larvae. Owing to this too the praeoral ring has disappeared. 

In neither N, Dumerilii nor Myzostoma are segmental organs to be 
found, and this negative character obtained in both Myzostoma and a 
true Chaetopod , can furnish no grounds for refusing to classify Myzo^ 
Moma with the Chaetopods. 

As to other resemblances in both N. Dumerilii and Myzostoma the 
segmentation is complete but unequal , in both it results in an epibolic 
gastrula, and probably in both the mesoblast arises in the same way. 
Most , indeed , if not all of the characters of Myzostoma speak for its 
onion with the Chaetopoda. Its development is quite that of a Chaeto- 
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pod. As in them the segmentation is complete but unequal, a gastrula 
arises by epibole, the month probably arises on the site of the blasto- 
pore , a ciliated larva , which later acquires special bands of cilia and 
provisional setae, leaves the egg. The functional larval nervous system 
arises as a thickening of the praeoral lobe. In the adult the skin is 
that of a Chaetopod and the permanent limbs are easily derivable from 
Chaetopod setae. The alimentary canal is such as one often meets with 
among Chaetopoda. 

The nervous system is reducible to a series of fused ventral ganglia. 
Supra-oesophageal ganglion , and possibly also the nerve collar have 
disappeared in consequence of loss of sense organs etc. due to paraaitic 
habits. As a consequence too, of parasitism, the sexual organs have 
undergone great changes, and along with that the segmental oigans 
have partly disappeared. 

The ovaries are best regarded as arising from the epithelial lin- 
ing of the body cavity*, which they have by hypertrophy completely 
obliterated. The oviduct opening into a cloaca may perhaps originally 
have been foimed from two segmental organs , for the cloaca is an epi- 
dermic invagination , and if it were obliterated the oviduct would open 
on the median line. The two male ducts are much more easily refer- 
able both from position and structure to segmental organs, which still 
open into the modified remains of the body cavity. In fine I agree with 
the great Russian naturalist Metschnikoff, who says^: vich betrachte 
dieses Thier [Myzostofna] als Beprttsentanten einer besonderen Chaeto- 
poden-Gruppe, die Chaetopoda ecioparaaitica heifien k^nnen.a 

It is indeed perhaps impossible to place the genus near any par- 
ticular family of Ghaetopods. In its development it has resemblances 
to that of Nereis^ and perhaps may be classed as a special family of 
the Errantia. And so adopting Glaus' classification^, we create a 
family of Myzostomidae, which at present only includes the genus Ify- 
zoatoma with its numerous, about 30, species. The characters of the 
family being the following: Parasitic Annelids, mostly hermaphrodite, 
but some few species unisexual. Body flattened and disc-like with 
short cirri on the margins. Five pairs of legs, converted into hook- 
like organs. Proboscis and branched alimentary canal. Segmental or- 
gans only represented in the ducts of the reproductive organs. Deve- 
lopment indirect with larval metamorphosis. 



1 I hope 800D to settle this and some other points more definitely. 

2 1. c. p. 243. 3 1. c. p. 498. 
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Notes on the Biology of the Oenns. 

If Camatulae be taken from varione parts of the bay of Naples the 
number of both species of Myzostoma found on them will be found to 
vary with the place of capture. In the impure water near the shore the 
Comatulae are infested with very few Myzostomulae, while the opposite 
extreme is reached in those caught in the clear pure water near the 
island of Nisita, where most of the Comatulae are infested with M. 
cirriferum and many of them also with M. glahrum. Indeed M, gla- 
brum is pretty abundant in tbis spot, and large specimens are found. 
The numbers of the two species found on a given Comatula vary very 
much, but the statistics given under this head by Prof. Graff ^ — so far 
as they concern M. cirriferum — are not correct. M, glabrum is much 
more rare than M. cirriferum^ and probably the relative frequency of 
its occurrence given by Graff is correct — that is that about eveiy 
third Comatula is host to a if . glabrum. If a living Comatula be placed 
in alcohol a great number of Jf. cirrifenmi will fall of it, especially if 
the animal be shaken in it. Probably the usual number o{ Myzostoma 
cirriferum on one Comatula is on the average at least double the num- 
ber ten given by Prof. Graff. In some cases great numbers may be 
found on one Comatula. In one example I counted on a disc and a 
small portion of the arms of a Comatula killed in sublimate not fewer 
than 23 large M. cirriferum. The remainder of the arms had been cut 
away, and probably those portions had many M. cirriferum on them. 

The number of large M. glabrum crowded around and partly 
within the mouth of a Comatula is often such, that it is hardly possible 
that the host can get much to eat for itself. The food of Myzostoma 
is naturally limited to some portion of that of Comatula. It chiefly 
consists oflnfusorians, Algae, Diatomaceae and other minute organisms. 
In fig. 35 is figured part of a transverse section of a male of M. gla- 
brum , which has devoured and partly digested some of the eggs of the 
hermaphrodite on which it sat. 

The time of reproduction does not appear to me to be confined to 
any particular season of the year. Although I have not investigated 
living Myzostomidae in summer and autumn it appears to me that 
Graff's view that summer is the chief period of reproduction, at any 
rate in Naples , is not correct. Myzostoma like many other parasites 
seems to be compelled to be continually in a state of sexual maturity 
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during the whole year in order to preserve the eontinued existence of 
the species. 

Daring the winter and spring I have examined great numbers of 
both species, and in all cases in which the animal was of fair size it 
was sexually mature. If Graff's view were correct, we should expect 
to find numerous immature individuals in the winter and spring and 
few mature ones , whereas great numbers of mature individuals occur. 
I have found naturally fertilised eggs in no small quantities in the 
middle of winter. In winter and spring one also finds young in great 
numbers. With regard to his assertion that at Trieste he has oftenest 
observed in autunm the sitting of a young one on the back of an old 
one, I can here only remark , that Prof. Graff's so-called young ones 
are no young ones at all, but fully developed males; the 
matter is dealt with fully in the next section. 

The males of M. glabrum. 

Alt must have struck most naturalists as a strange anomaly that, 
both with animals and plants , some species of the same family and 
even of the same genus , though agreeing closely with each other in 
their whole organisation are hermaphrodite and some unisexual. « — 
Darwin, Origin of Species. Sixth edition. 1880. p. 79. 



Semper, in his paper on the genus Myzostoma >, described how he 
once saw »ein kleines M. cinriferum , welches nur ausgebildete Zoo- 
spermien enthielt, in der Weise auf einem groBen, mit entvnckelten 
Eiem versehenen Individuum derselben Art sitzen, dass die cine m&nn- 
liche Gescblechts5fihung ungefilhr in die N^e des Afters zu liegen 
kamc; and adds ))sp&tere Untersuchungen mUssen diesen Punkt auf- 
klErena. The same phenomenon had previously been seen by 0. Schmidt, 
and curiously enough set down by him as a character of M. gldbrum 
that it possessed a knob-like process (Knopf)] on the anterior end of 
the back. 

Semper only observed it once and then in M. cirriferum, I have 
never observed it in that species in spite of much search , nor does 
Prof. Graff appear to have done so either. I have observed the phe- 
nomenon in M. glahrum , and must say against Semfer's view that 
this so-called young one never takes up such a position that its male 
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genital aperture of either side comes to lie anywhere near the cloacal 
apertnre of the animal on which it sits. 

Graff ^ recognised Schmidt's »Enopfft »als ein anf demBticken des 
alten sitzendes Individuum derselben Arta. He further says : »Ich habe 
an meinen Spiritusexemplaren nicht selten , sehr hftufig aber an leben- 
den Myzostomen in Triest diese Ersoheinung wahrgenommen, welche 
mit dem Herbst an Hftufigkeit znzunehmen scheint , da ich sie nie so 
oft wie im September beobachtet habe , in welchem Monate in Triest 
nahezu ein Dritttheil der ausgewachsenen Individuen von M. glabrvm 
mindestens je ein Junges auf dem Btlcken trug. Doch fanden sich deren 
auch bis drei Stttck auf einem alten. Dabei ist die Verbindung eine so 
feste und der Band der Jungen so dicht dem Btlcken der Alten ange- 
presst, dass die Lostrennnng der ersteren nicht leicht vor sich geht und 
- jedenfalls nicht, ohne die (wie ich mich an Durchschnitten ttberzeugte) 
oft bis unter den Hautmuskelschlauch eingestofienen Haken abzubre- 
chen. Ich fand unter den aufsitzenden Individuen solche yon mikro- 
skopischer Kleinheit bis zu solchen von IVsmmLange. Fig. 11 der 
Tafel I stellt zwei so verbundene Individuen dar; und man sieht , wie 
das Junge seinen BUssel m5glichst weit vorstreckt , um ttber den Vor- 
derrand des Alten hinweg dem Mundrande der Comatula — der Ver- 
einigungsort der NahrungszustrOme — nahe zu kommen. Die betrftcht- 
liche Gr()Se, welche die so aufsitzenden Thiere erreichen j beweist am 
besten , dass zu dem Gedeihen des Parasiten eine directe Bertthrung 
seines Wirthes gar nicht nothwendig ist — er will in der That die Nah- 
rungszufuhren mit ihm theilen. Findet nun das Junge, wenn es, seine 
freie Lebensweise aufhebend, sich zur Ansiedlung anschickt, den gan- 
zen Mundrand der Comatula, an die es eben gerftth, bereits besetzt, 
Oder kommt es zuf^Uig an einen Platz , wo bereits ein altes Thier sich 
festgesetzt hat, so krallt es sich eben ohne Schaden fUr seine Em&hrung 
auf dem Vorderrtlcken dieses fest. Eine andere Bedeutung kann ich 
dieser Erscheinung nicht zuschreibem^. 

I have quoted Graff's views on the matter at full length , because 
I am led to disagree with him in toto as to the nature of these so- 
called young ones. They do occur, but they are not young ones but 
fully developed males, usually with numerous fully de- 
veloped and functional spermatozoa. la tsLGt M. ff I abrum 
is not as all previous observers, including the latest 
Prof. Graff, have considered a simple hermaphrodite, 
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but is bermaphrodite with folly dereloped and highly 
organised males fig. 34» . 

In nze these males Tarr TeiT mneh froB * i^mm toabooi 1mm in 
lengtii . whieh is abovt the maximam. I ha^e nerer Iband diem larger 
than 1 mm^ and two whieh I kept liring on their hoat for orer a month 
died withont increasing eren in the least in siie dniing that period. — 
The hermaphiodiie forms on whieh tter sit alwajs exeeed diem rtry 
randiinsize. In most respects except in die total absenee of all 
trace of female organs the males resemble in dieir anatomy the 
homaphrodites on which diey sit. 

Bat in die nudes die nenrons system seems to be ridier in 
ganglion cells than in the hermaphrodite. A definite body carity also 
seems to be present. It is small in sise and lies aboTe the aiimentsry 
canal in die position of die so-caDed nteras of the hermaphrodite fig. 
35. 37 . In the males the male genital oigans are wdl devdoped and 
generally occnpy a considerable portion of the body. In transrerse sec- 
tion the testes are seen to fill np all parts of the body not oecnpied by 
ranscles, alimentary canal and neryons system ^figs. 37. 38\ These 
nudes nsoally sit on the extreme front of the dorsom of die hermaphro- 
dite, and not as one might expect, and as indeed Skmpbe steted, near 
the female genital apertore. This posidon di^ probably take np in 
order, while being in close connection with die hermaphrodite, to get 
more food ; for there tiiey are nearer the month of the Camaiula. This 
explanation of their position is indeed the same as diat giren by Prof. 
Graff , bnt unlike bis explanation it is not giren as the reason why 
they sit on the hermaphrodite form. He thought they were young which 
were either crowded out from the mouth region of their host or in the 
cases when only one or two individual M. ghshrvm were parasitic on 
a Comatula, which in leaving its free life had chanced to crawl up the 
back of one of the individuals already there, and finding it could get 
plenty of food there it remained. He pictured diem widi probosds long 
extended in order that they might get as much nutriment as possible. 
Bnt this figure ^ was probably taken from a specimen preserved in 
alcohol. If so this sufficiently accounts for die extended proboscis, for 
all Myzostamidae killed in alcohol and seawater die widi proboscis 
extended. 

These males occur in nearly all cases in which a large hermaphro- 
dite Jf. glahrum occurs solitary on a Comatula. Barely one finds a 
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male form where two or more hermaphrodites are aittiog together on a 
Comatula , and this fact is worthy of notice, for if Prof. Grapp s expla- 
nation were correct, they would oecur oftenest, where several M, glor- 
brum are parasitic on one Grinoid. Very rarely have I found two males 
on one hermaphrodite form (fig. 30). The hermaphrodite forms on 
which the males sit are always large, and contain nnmerons fnlly de- 
veloped ova. In many cases also fnlly developed spermatozoa, bnt in 
some cases the testes are small and not well developed and thns the 
hermaphrodite becomes physiologically to all intents and purposes 
fSemale. In these hermaphrodites the vasa deferentia are never absent. 
Even when the testes in these cases are well developed and contain 
ripe spermatozoa, they show nothing approximating the number of 
spermatozoa found in the much smaller males. 

I have found these males at all times between November and April. 
Grapf thought these so-called Junge occurred oftenest in Trieste in 
autumn, whether there is any real periodicity in their occurrence is 
doubtful. — More probably they occur at all times — at any rate in 
Naples. 

The discovery of males with hermaphrodites in this group is not 
without interest. Their occurrence was known among Arthropoda 
where Darwin ^ described them as complemental males un4er the CVr- 
ripedia, but their origin and meaning remained an enigma to him. It 
will be interesting before discussing the^ whole question to examine the 
results to which Darwin arrived among the Cirripedia. 

He found that in the genus Ibla the ordinary individuals were not 
hermaphrodites, but females in whose body sac one or two litde worm- 
like bodies occurred. These proved to be the males of the species 
examined, Ibla CumingU. 

Such a thing had nothing very much unusual in it. But he found 
in another genus of Cirripedes, Scalpellum, these little »complemental 
malesa in much greater numbers , and in this case the individual in 
which they occurred was hermaphrodite. 

In all, four different cases are described by Darwin as occurring 
within the limits of the genus Ibla and Scalpellum. 

These are: 1) a female, Ibla Oumingii^ with a male or rarely two 
pern^ansntly attached to her, protected by her, and nourished by any 
minute animals which may enter her sack ; 2) a female Scalpellum or- 
natum with successive pairs of short-lived males , destitute of mouth 
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and stomach , inhabiting two poaches formed on the under side of her 
valves ; 3) hermaphrodites with occasionally one , two or three males, 
capable of seizing and devouring their prey ; 4) and an hermaphrodite 
Scalp, vulgare with j»from one or two up to five or six short-lived males 
without mouth or stomach.« 

Lastly we have the ordinary hermaphrodite Girripedes. Thus we 
have among the Cirripedes all stages from unisexual forms to complete 
hermaphrodites. 

I shall proceed to show that within the much narrower limits of 
the genus MyzoBtoma , we have the same passage from the unisexual 
condition to Uie hermaphrodite; or if one will vice vers&. My researches 
had already led me to the eonclusions regarding the sexuality of M. 
glabrum detailed in the preceding pages , which conclusions I indeed 
arrived at about the close of last year 1883, when in January of this 
year Prof. Graff's most recent paper ^ on the genus arrived in Naples. 
This short paper contains a description of a number of very interesting 
new species, 21 in number — among them those collected by the 
Challenger Expedition. Most of the forms are hermaphrodite, but three 
forms are especially interesting as being unisexual. These three species 
are all cysticolous. Jf. eysticolum} (Oraff) is imperfectiy bisexual. 
The female is 2mm in diameter, its body cavity is filled with ova and 
only very scanty rudiments of testes are present, and there are no 
male sexual apertures. In the small male, which is only 0,8mm 
in diameter there are only testes and no traces of female sexual open- 
ings. »Im Mtonchen finden sich blofi die beiden compacten Hoden 

und keine Spur von weiblichen GeschlechtsOffnungen.a 

Thus this species is not perfectly unisexual , but when we come to 
the second and third of the three species we shall find there no traces 
of male organs in the female , and thus these two species are perfectiy 
unisexual. In M, infUUor the female is 2,2 mm in length and the male 
0,9mm. Qbaff^ says: »Reste von Hoden bei dem Weibchen dieser 
und der folgenden Species [M. Murrayt) nioht constatirt.« 

M. Murrayif the third and last of the three, is very large. The 
female is 5,5mm in length, the male 1,3mm. As stated above this 
species is perfectiy unisexual. Dabwin^ described forms within the 
Cirripedia, which showed all stages from the unisexual state to the 

1 Bulletin of the Museum of Gomp. Zoology. No. 7. XXVI. — Graff, Yer- 
zeichnis der von den United States Coast Survey steamers »Hassler« und »Blake« 
von 1867 — 1879 gesammelten Myzostomiden. 

« 1. c. p. 133. 3 1. c. p. 133. * 1. c. 
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hermaphrodite, and here we have the same thing within the mnch nar- 
rower limits of one genus. 

It now becomes of importance to endeavour to find out, which is 
the more primitive condition, hermaphroditism or unisexuality in these 
particular cases. Most writers ^ on Zoology have simply assumed, that 
the hermaphroditism of such forms as Myzostoma and the Oirripedia is 
the primitive condition. The problem which of the two states is in par- 
ticular cases the original has been but little attacked. 

We are, I think, entitled to assume that among the Cirripedia her- 
maphroditism is secondary. For the lowest Crustaceans are all uni- 
sexual , and it is only in such highly modified forms as the Oirryjedia 
and Bkizocephala that we meet with hermaphroditism. Indeed from a 
survey of parasites generally one might almost say , that they have a 
tendency to become hermaphrodite, or that there is a tendency in para- 
sitic life to produce hermaphroditism. 

If it be the case that hermaphroditism in Cirr^edia is secondary 
then the most primitive of the forms described by Darwin, at least so 
far as sexuality goes, would be Ibla Cumingii^ which is unisexual, and 
possesses males capable of taking in food. The next stage would be 
Scalpellum omatum, with successive pairs of short-lived males destitute 
of mouth and stomach. The third Scalpellum vulffare, hermaphrodite 
with from one to six short-lived males without mouth or stomach. Fin- 
ally if the period between the appearance of two successive generations 
of short-lived males becomes, to use a mathematical term, infinite, that 
is if the males entirely disappear , then we get the ordinary herma- 
phrodite Girripedes without males such as L^as. 

Darwin's case 3 has not been mentioned above. In this case of 
hermaphrodites with males which have mouth and stomach, the pas- 
sage is more direct from simple unisexual forms. 

And now turning to the Annelida , we find there just as we found 
in the Crustacea that the lowest forms are mostly unisexual. Only in 
highly modified forms ^ such as the leeches, and OUgochaeta and the 
parasitic genus Myzostoma do we find hermaphroditism. 

My own view is that primitively all the segments of an Annelid 
produce either ova or spermatozoa. Later some of the segments may 
lose all sexual function while in others, by a gradually acquired ten- 



1 Comp. HuxLEV, Anatomy of Invertebrated Animals. 1877. p. 67, and 
Glaus, Grandzfige der Zoologie. 

2 Unfortunately two species of Ihlt/gordius are hermaphrodite , while one is 
nnisexnal. 
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dencj towards hermaphroditism, the embryonic sexual cells of one or 
more segments may become spermatozoa instead of ova, or vice versa. 

Again it should not be forgotten that most hermaphrodites have 
very complicated sexual ducts etc. , which are obviously not primitive 
organs but adaptations designed in most cases to bring about cross fer- 
tilisation and prevent self-impregnation. Such ducts could only arise in 
pretty highly developed forms, that is to say could only be converted 
to secondary sexual uses in cases in which they really were present 
beforehand , and hence only in pretty highly developed forms. This 
circumstance points rather to a developing hermaphroditism which aroee 
pari passu with the conversion of these ducts to sexual usee, for other- 
wise self-impregnation would usually occur. 

Certain recent researches seem to favour the view of the probable 
origin of hermaphroditism from the conversion of the parts of the sexual 
cells of one sex to sexual elements of the other. Many points of great 
interest are concerned in Spshqel's critique ^ of two papers, one by 
Bourne^, the other by Marshall ^ and in an earlier work of Spek- 
gel's ^. Spengbl in this review declares his conviction that the so- 
called Bidder's organ of the Amphibia cannot be regarded as the rudi- 
ment of a female sexual organ , whatever else it may be , for it is pre- 
sent in botii sexes, and that when a real hermaphroditism oc- 
curs among Amphibia Bidder's organ is not concerned in 
its formation, but that such hermaphroditism is brought 
about by the transformation (Umw^andlung) to ovary of 
part of the tissue which in a normal individual forms 
testes, and that in this ovary so produced the ova attain 
their normal sizeandpigment. 

Bourne describes a specimen of B. (emporaria, which on the 
right side possesses a well developed ovary, while on the left the an- 
terior end of the ovary encloses an irregular testis not sharply marked 
off from the ovarial tissue. 

Marshall describes an individual (B) which maeroscopically 



* Spengel, Zwitterbildungen bei Ampbibien. Biol. Centralblatt. Bd. IV. 
Nr. 8. p. 235—241. 

^ A. G. Bourne, On certain abuonnalities in the Common Frog. 1. The oc- 
carrence of an ovotestis. Quart. Journ. Microsc. Sci. Vol. 24. p. 83—86. PI. IV. 

s A. M. Marshall , On certain abnormal conditions of the reproductive or- 
gans of the common frog. Journ. of Anat. and Physiol. Vol.18, p. 121— 144 
PI. VI— VII. 

* Spengbl, Arbeiten aus dem Zool.-Zoot. Inst, zu WUrzburg. Bd. III. I87ti. 
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Beems to be a male, but at the anterior end of the right testis there is a 
pigmented fold which possesses a number of button-like processes, 
and on microsoopic examination It is seen that these processes are ova, 
which there lie close to the surface, and are further scattered between 
the lobules throughout the whole testis. The MUllerian duct is also 
very well deyeloped. 

He found in another individual (J9) an ovary on the left side with 
normal eggs, which however show in great part traces of degeneration. 
On the right side the sexual organ has chiefly the characters of a testis. 
The sexual ducts are those of a female. 

Thus it is seen that in the Amphibia hermaphroditiam is brought 
about by the conversion in some individual of part of its male sexual 
cells into ova, or of its female cells, if it be a female into spermatozoa, 
and is not really due to the rudiment of a hermaphrodite state present in 
all individuals. Further the so-called rudimentary ovary is not con- 
eemed in the production of hermaphroditism. 

Some interesting researches have recently been published by vok 
BBU19K ^ on the spermatozoa of Paludina vivipara. In this paper the 
author explains llie origin of the worm-like spermatozoa by the hypo- 
thesis^, that there is a tendency in the sexual characters of the male 
organs of Paludina vivipara to produce female characters, and compa- 
res very justly the structure of the testis of Paludina to the hermaphro- 
dite gland of the Pulmanata. He points out that the worm-like sper- 
matozoa occupy the same position in the testes ofPaltuUna as the ova 
in the hermaphrodite gland of Pulmonata, He further considers ^ the 
Pulmooate hermaphrodite gland to be derived from a simpler unisexual 
stated. 

, From all this I think we may gather that at any rate in very many 
eases hermaphroditism is a secondary condition brought about in the 
males or females, or in both, of unisexual animals, either by some 
innate tendency to it or by something in the conditions of existence of 
the particular species. 

It was pointed out further back that among Crustacea and Anne- 

* Max V. Brunn, Untersuch. ttber die doppelte Form d. SamenkOrper von 
Paludina vivipara. Archiv f. Mikrosk. Anat. Bd. 23. Heft 4. 

* »Weibliche Tendenz im Hoden.« 

8 1. c. Physiologischer TheiJ. p. 478. 

^ It is worthy of remark that one often finds in the vesiculae seminales of 
the male of ilf. glabrum, not small quantities of undeveloped spermatozoa. One 
might perhaps here in the male assume the existence of a »weibliche Tendenz im 
Hodena. 
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lida the unisexual state occnrs in nearly all cases , including nearly all 
the lowest forms , and I think we are now entitled to assume that the 
more primitive and original state in the genus Myzostoma is the uni- 
sexual. 

And now we are in a position to trace out the derelopment of, 
and get some clue to the meaning of hermaphroditism in the Myzo- 
stamidae. 

It is obvious that the starting point of the series is the unisexual 
form such as M. ir^tor or M. Murrayi. The next stage in the pro- 
cess is imperfect hermaphroditism with fully developed males. — A 
hermaphroditism in which male organs are beginning to be developed 
but are not yet functional. This is seen in 3f. cysHcolum. The Euro- 
pean M. glabrum gives us further development, there we have hermar- 
phrodites with both male and female organs fully developed and func- 
tional , but still with males, the males however only in small numbers, 
and then only when perfect or imperfect hermaphrodites sit singly on 
a Camatula, the forms which possess no males living in groups of two, 
three, or more, and probably reciprocally hermaphrodite. Lastly , we 
probably possess in some of the remaining species of the genus perfect 
hermaphrodites without males, the males having become extinct. This 
is probably the case in M. cirriferum, which usually forms a small co- 
lony of several individuals on each Comatula mediterranean 

So far as is known the remaining species of Myzostoma are her- 
maphrodite and have no males. It must however be borne in mind 
that males may and probably will be found in some cases at any rate. 

It may be useful and interesting to tabulate the results obtained in 
the Cirripedia and in Myzostoma, 

Cirripedia, 

Ibla Cumingit unisexual, males possess stomach. 

ScalpeUum omatum nnisexaal, males without stomach. 

SealpeUum vuigare hermaphrodite with males , males with- 

out stomach and quite degenerate. 
Ibla ^uadrivalvis and most species of 
Cirripedia hermaphrodite without males. 

Myzostomidae, 
3f . inflata \ - . . . 

M. Murrayi ) ^^^^ nniMXual. 

M. cysticolum unisexual with rudiments of hermaphro- 

ditism. 
M. glabrum hermaphrodite with males. 

M, cirriferum and other species of JWy- •*' 

zostoma hermaphrodite without males. 



Digitized by 



Google 



On the Life-History and Development of the Genns Hyzostoma. 577 

If the genus Myzostoma was once onisexnal, what has brought 
about the change to Hennaphroditism? The answer is probably the 
following. The necessity of it for the continued existence of some spe- 
cies of the genus. The eggs are very small , and hatch a minute free 
swimming larva , which has to trust very much to chance to find a 
future host. Only by the development of a vast number of eggs , and 
the provision of efficient means for the fertilisation of those eggs is the 
continued existence of some species of the genus rendered a possibility. 

The first condition, the development of a vast number of eggS; is 
realized to an astonishing degree. One has only to examine a full grown 
specimen ofM. glabrum or M, cirriferum to assure himself of this. I 
have often been astonished at the enormous number of eggs contained 
in one M. glcibrum. When we consider too that this production of egg» 
is a continous one extending over at least some months , and that egga 
are probably laid daily , it is evident that each individual in its lifetime 
produces vast numbers of eggs. But the production of eggs is not the 
only factor. — They must be fertilised. The difficulty of the continued 
existence of the species is increased by this fact. For if the chances of 
one larva finding a host are exceedingly small, the chances of two 
larvae , which when adult will be male and female respectively, coming 
to occupy the same host must be much smaller. And in many cases 
only two or more females would get to one host. This latter state of 
things would become much more intensified if for any reason the num- 
ber of males produced fi'om the young larvae should in some way or 
other become diminished. Hence it becomes of advantage to comple- 
ment the small males by the development in the female of testes, from 
part of the female organs as in Amphibia. It may well be that at first 
the testes only become functional in particular cases in which females 
alone without males occupied a particular C<m%aiula. In time the pro- 
gress to complete hermaphroditism becomes more and more pronounced, 
and finally in some cases the males become lost. 

This extinction ^ of the males may be brought about by a diminution 
in their size and a corresponding increase in size and number of herma- 
phrodites, which devote themselves to the production of eggs and sper- 



^ This extinction of the males might be brought about by a periodicity in 
their occurrence arising. If the periodicity got more and more lengthened , it 
would in the end become so to speak infinite , and the males would disappear. 
Compare Wbismabn, Ober die Entstehung der cyclischen Fortpflanzung bei den 
Daphnoiden. Abdmck aus d. Zeitschr. ftir wiss. Zoologie, 27.-33. Bd. Here such 
a periodicity is associated with a somewhat different result, viz. Parthogenesis. 

38 
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matozoa, and thus the number of young arising from the union of her- 
mapbrodites , when hermaphrodites are once formed, will greatly 
increase and probably in the end crowd out of existence the young pro- 
duced by the union of males with hermapbrodites. 

Thus as the result the following conclusions may be drawn. 

The term complemental male adopted by the great naturalist is 
probably not an expression of the true morphological meaning of the 
phenomenon , physiologically it may be correct. Morphologically it is 
rather the male organs of the hermaphrodite , which are complemental 
to those of the male. The males are really primitiFe^ and refer us back 
to a time when the parent stock was unisexual. 

Hermaphroditism, probably all hermaphroditism, had its origin in 
a unisexual condition. It has been gradually acquired, in some cases 
perhaps as the result of a tendency in the sexual organs towards her- 
maphroditism, in others in order to provide for the continued existence 
of the form. In some cases it is the females, which have become her- 
maphrodite as, for example, Myzostoma, in others it is probably the 
males , in others still both males and females. In those cases where 
only one sex has become hermaphrodite, the other sex has probably 
in most cases become either periodic in its appearance if male, or else 
extinct. 

The foregoing researches were in great part carried out at the 
Zoological Station of Naples. On the recommendation of Prof. Skiipbb, 
to whom my best thanks are due, the Senate of the University of Wtirz- 
burg approved my application for the Bavarian table at Naples during 
several of the winter months. But as the contract for t&e table was in 
October last not yet renewed , I journeyed to Naples without the no- 
mination of the Bavarian government. Prof. Dohbn however very 
kindly received me and gave me a place in the Station, where I worked 
£rom November till the middle of April. For this and many other acts 
of kindness I beg to tender him my best thanks. 

I should like further to express my thanks to the staff of the Station 
and more especially to Drs. Paul Mayeb, Eisiq , B&andt and to the 
Conservator Sig. Salvatoee Lo Bianco. 

Freiburg i. B., July 17th 1S84. 
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DeBoription of the Figures. 



Mo3t of the figures in Plate I are from the living object. In the following list 
the words cam. Inc. will be placed after such figures , as are drawn with aid of 
camera. The rest are drawn with free hand. 



General terms. 
p.r.e = 
e a 

;.c = 

n.« = 

a,c = 

a.c.d s 



y.n «B yolk nucleus. 
p,h ss polar body. 
h,e =■ cilia group. 
M B larval setae. 
m,o «= mouth opening. 
6t s= Stomach. 
In B Intestine. 

ep Bs epiblast. ov •• 

hy «= hypoblast. anp ■ 

me s mesoblast. ma ■ 

fTM.e B mesoblast cells. « a.g •- 

a xs aans. Am./ : 

8.h s sense hairs of praeoral lobe. c.t,i « 

n,8j OS larval nervoBs system. stp « 

n,8M Bs adult nervous system. g.c - 

m.c » muscle cord. «.r « 

pr OB proboscis. «i.r » 

p.^c s= postoral circlet of cilia. b,e. > 

j'.a.c s praeanal circlet of oiBa. /^ s 

a.j> s= anal papilla. e,e = 

a.i».« «» oUia of anal papill*. n.r • 

ap,l n first pair of adult appendages. t ■ 

p.p = problematical musoular pro* v^9 * 

cesses. v. J.o s 

<.« and ffe.« »> sacs of setae. mx.i < 

mejr a mesoblast bands. 

Plate 81. 
Fig. 1. UnfertiKsed egg of Jf. glabrwn. ZsiBS E. Oc. 2. Gam. luc. Living. 
Fig. 3. * Jlf. fflabrum egg. First polar body j».6. Zeiss E. Oc. 2. Cam. Inc. Living. 
Fig. 3. M. glabrtm egg. Second polar body |>.&. ZEISS E. Oc. 2. Cam. luc. Living. 
Fig. 4 — ^12. Segmentation stages of M. gUhrwn, ep » epiblast. hy ^ hypoblast 

Mostly Zeiss D. Oc. 2. Cam. luc. All living. 
Fig. 13. M. glahrum. 24 hrs. larva, killed with l^/o Acetic Acid. Vis Lbitz Hom. 
Imin. Oc. 2. Cam. Inc. ep >= epiblast. me »= mesoblast. Ay » hypoblast. 
Fig. 14. Larva of M, glahrum. h.e ^ bunches of cilia. One day old. Zeiss D. 

Oc. 3. Cam. hic. Living. 
Fig. 15. The same somewhat older. 
Fig. 16. jlf. glahrum. Two days larva. Living. 
Fig. 17. Jlf. glahrum. Larva two and a half days old. Zeiss E. Oc. 2. 
Fig. 18. M. glahrum. Larva of about two days. Living. Zeiss D. Oc. 2. 



- praeoral ring of cilia. 
= eye. 

: broken seta. 

: nervous system. 

= alimentary canal. 

s diverticulum of alimentary 

canal. 
= ovum, 
s anal papilla of Comakila. 

> male. 

: ambulacral groove. 

s hermaphrodite form. 

: connective tissue investment. 

i septum. 

> ganglion cell. 

> sense rods. 
f striae. 

: body cavity. 

: fibrous zone. 

: connective tissue cells. 

: nerve root. 

» testis. 

- vesicula seminalis. 

: external sexual opening. 
■ mother cells of testis. 
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Fig. 19. M, glahrum. Larva of four days. Living. n.iJ ■= larval nervous system. 

p,o.e « postoral ring of cilia, p.a.c » praeanal ring of cilia, a.c »= 

alimentary canal, se « larval setae. 
Fig. 20. M. cirriferum. Larva of three days. Living. Letters as in preceding %. 

Actual size of this and preceding larva about 0,04mm. Zeiss D. Oe. 2. 
Fig. 21. M. glahrum. Larva of five days. Back view. Littering as in ^g, 19. 

Further s,h xs sense hairs of praeoral lobe, pr = proboscis, a.p.c == 

cilia of anal papilla. 
Fig. 22. Jf. glahrum. Larva of five days. Length » 0,64 mm. Side view. Letter- 
ing as in figs. 21 and 19. 
Fig. 23. M. glahrum. Larva of six days. Lettering as above. 
Fig. 24. M. glahrum. Larva of about seven days. Lettering as above, m.c = 

muscle cord. 
Fig. 25. M. glahrum. Larva of about eight days. Killed with osmic acid. 
Fig. 26. M. glahrum. First postlarval stage on Ccmatula. One pair of legs. ap. i. 

n.8.a Bs adult nervous system. 
Fig. 27, 28. M. glahrum. Longitudinal sections in horizontal and vertical planes 

respectively of five days larvae. Zeiss £. Oc. 2. Cam. luc. 
Fig. 29. Somewhat rough copy of GStte's figure of the larva of Herets DmMrUii. 

Plate 32. 

Fig. 30. Part of disc of a Comafula with large hermaphrodite M. glahrum and 
two males. Magnified 10 times. 

Fig. 31. 3f. glahrum. Sect, of skin with touch rods 9.r. Zeiss D. Oc. 3. Cam. luc. 

Fig. 32. M. glahrum. Epidermis, itr » striae due to prolongations of cilia. 
Leitz Vis ii^- Hom. Imm. Oc. 2. Cam. luc. 

Fig. 33, 34. M. glahrum. Male. Transverse section of nervous system. Zeiss £. 
Oc. 2. Cam. lucid, sep ssz septum, g.c ^ ganglion cell, /.z « fibrous 
zone, n.r « nerve root, c.c « connective tissue, e.ti « connective 
tissue investment. 

Fig. 35. M. glahrum, Male. Transverse section of alimentaiy canal and skin. 
B.c ^ body cavity, or « partially digested ova of hermaphrodite. 
ep.g a alimentary epithelium. Hartnack 5. Zeiss Oc. 2. Cam. luc. 

Fig. 36. Part of transverse section of hermaphrodite M. glahrum. — ov «= folly 
grown ova. y.o » young ova. e.t.% » connective tissue. Zeiss E. 
Oc. 2. Cam. luc. 

Fig. 37, 38. Transverse sections of male of Jf. glahrum. Habtnack 5. Zeiss 
Oc. 2. Cam. luc. h.c « body cavity, t » testis. a.c >= alimentary 
canal, m.c.t «= mother cells of testis. Lc « part of foot, nts «= ner- 
vous system, v.9 « vesicula seminalis. v.d.o » male opening. 

Fig. 39. Ova of ikf. glahrum in transverse seotion. Zeiss £. Oc. 2. Cam. luc. 
K.f.p B portions of germinal spot, p.e » protoplasm of egg. g.v ^ 
germinal vesicle, g.9 » genninal spot. 

Fig. 40^48. Various post -larval stages. Mostly Zeiss E. Oc. 2. Cam. luc. 
Figs. 41, 44, 45, 48 probably of 3f. evriferum, not of 3f, glahrum. a.p » 
permanent appendages. fi.« » adult nervous system. «.« « segmental 
septa, me.c «s mesoblast cells. 



Printed by Breitkopf and Hartel, Leipzig. 
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(Sonder-Abdnick ans der Jenuaclieii Zeitschrift Ar Natnrwissensoluift. 
XXL Bd. N. F. XIT.) 



Anatomie und Histologie des Nerven- 
systemes der Myzostomen. 

Von 

FrldtJof Nmsen, 

Kastos des Masenms sn Bergen. 
Mit Tafel XIX. 

In folgenden Zeilen werde ich versachen, eine kurze, zu- 
sammenfasBende Darstellung der Besnltate zu geben, zn welchen 
ich in mdner Arbeit tuber den Bau der Myzostomen^) bezUglich 
der Anatomie und Histologie des Nervensystemes derselben gelangt 
bio. Ungef&hr zu gleicher Zeit mit meinen Untersuchungen er- 
schien eine Arbeit von Dr. Franz von WAaNER in Graz, betitelt: 
„Das Nervensystem von Myzostoma (F. S. Leukabt)." — Wenn die 
Resoltate dieses Forschers, — auf dessen Arbeit ich im Laufe 
dieser Abhandlung mehrmals zurflckkommen werde, — von den 
meinigen in mehrfacher Beziehung abweichen, so glaube ich diese 
Differenzen zum gr5fiten Teil einem ungtinstigeren Material und 
unvorteilhafteren Untersuchungsmethoden zuschreiben zu mQssen. 
W&hrend dem dsterreichischen Forscher nor die zwei verhJUtnism&fiig 
kleinen Arten : Myzostoma cirriferum und glabrum zu Gebote 
standen, war ich in der glQcklichen Lage, meine Untersuchungen 
zum Teil an mehreren gr5fieren Arten ausfOhren zu k5nnen. Aller- 
dings konnte Wagneb ffir seine Studien frisches Material ver- 
wenden, w&hrend die mir zur VerfQgung stehenden Tiere der 



1) Piidijof Nansen : ,yBidrag til MyzoBtomemes ADaiomi eg 
Hiatologi.'' Mit einem engliachen Besumtf. Herausgegeben yon 
Bergens Muaeum, Norwegen, 1885. 

Bd, XXI. H. F. XIV. 15 
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268 Fridtjof Nansen, 



I Mehrzabl nach aaf der norwegiacben ^ordhavsexpedition'* gesammelt 

und in gewQhnlichem Alkohol konserviert waren, jedoch in so vor- 

I trefilicher Weise, daS ihr Erhaltangszustand selbst fQr feioere 

' histologische UDtersachungen nicht viel za wdnscheQ dbrig lieS. — 

Folgende Arten hatte ich Oelegenheit, in das Bereich meiner 
Untersachungen za Ziehen: 

Myzostoma gigas, LCtken/) einige Ezemplare auf An- 
tedon Eschrichtii, MCll. (von der,«Norske Nordhavsex- 
pedetion von Jan-May£N^\ mitgebracht). 
M. giganteum, NANSEN,')nur wenige Exemplare auf Antedon 
prolixa, Dunc. twd Slad. '), (von der Noreke Nordhavs- 
expedition^' in der Nabe von Spitzbergen gesammelt). 

M. Graff], Namsbn,^) mehrere Exemplare auf Ant. prolixa, 

D. und Sl. 
M. Garpenteri, Graff, nur ein Paar nicht gut konservirter 

Exemplare auf Ant demtata, Say (Ant. Sarsii, Dab. und 

Kor.). 
M. cirriferum, Leugkart. Von dieser Art standen mir viele 
Exemplare, alle von Ant. petasus, DUb. and Kor., her 
-stammend, zur YerfOgung. Zom Teil konnte ich sie frisch in 
der N&he von Bergen dredschen, zum Teil erhielt ich sie durch die 
Gate des Herrn Ingenieurs Bruun-Hansen aus Romsdalen, welcher 
I f sic mit einem Telegraphenkabel bei Veblungsmes heraofgeholt hatte. 



1) Yon L. von Graff beeohrieben: „Beport on the MyzoBtomida 
etc." Zool. ChalL-Exped. Part. XXVII; pag. 34. — 1884. 

2) Von mir 1. c. pag. 5 und 69 beschriebcD. 

3) Auf die Autoritat Dr. Xobsns' hier, weleher die Comateln der 
Expedition friiher eincr Friifung unterzogen hatte, babe ich dieoe 
Art, ohue sie nfiher zu untersuohen, in meiner Arbeit unter dem 
Namen Ant. celtica, Harenzeiler (jetzt Ant quadrata, P. H. Carpenter) 
angefohrt. 8p&ter hat Dr. P. fi. CABsamuL, welchem ich einige 
Ezemplare zusandte, die Gate gehabt, mir mitzuteilen, daft dieselbea 
der Yon Dxtj^gas und Sladsn in ,,A Memoir on the Echinodermata of 
the Arctic sea to the West of Greenland" (London 1881) beschrie- 
benen Art Ant. prolixa, Dunc. und Slad., beizufiigen aind. Dieselben 
irurden Ton der Norwegisohen Kordpolexpedition in ziemlich groBer 
Zahl nahebei Spitsbergen (Stat. 343., 76 ^ 34' n. Br., 12 ^ 51' o. L) 
in einer Tiefe yon 743 (engl.) Faden (1359 mtr.) bei einer Temperator 
yon — 1, * Celgiufl gefunden. — 

4) ]. c. pag. 6 und 69 beschricben. 
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— Von M. g lab rum endlich standen mir einige kleinere Exem- 
plare zu 6ebot«, welche mir Prof. L. v. Graff gtitigst flberlassen 
hatte, welche jedoch fQr histologische Untersuch ungen weniger 
geeignet waren. — Zum Scblnfi will ich nicht unterlassen zu be- 
merken, dafi ich letztes FrQbjahr gelegentlich meines Aufenthaltes 
in Neapel , wo mir Prof. Dr. A. Dohrn mit groller Liberalit&t 
einen Arbeitstisch in der zoologischen Station zur VerfQgung stellte, 
neues Material von M. cirriferum, M. glabrum, sowie eine 
neue, enzystierte Art, alle auf Ant. roeaceud lebend, ein- 
sammeln konnte. Leider war seither meine Zeit durch andere 
UntersuchuDgen sehr stark in Anspruch genommen, so dafi ich 
noch nicht in der Lage gewesen bin., dieses Material mehr als 
fldchtig zu examinieren. — 



Meihoden der Untersuehimg. 

Was die Behandlung und Fllrbung des alteren Spiritusmaterials 
anlangt, so waren es namentlich zwei Methoden, welche mir aus- 
gezeichnete Resultate lieferten, und welche ich daher fUr der- 
artige Objekte nur empfehlen kann. — Die eine Methode besteht 
in der aufeinaodcr folgenden Anwendung von Osmiums&ure und 
Hamatoxylin. *) 

Die Spiritusexemplare wurden ausgewaschen, dann in einpro- 
zentige Osmiumsaure gelegt und darin bis zu sechs, ja mit- 
unter bis zu zwolf Stunden gelassen. Nachdem sie in flieBendem 
Wasser gut ausgewaschen worden waren, wurden sio gew5hnlich 
in Heidelberger H&matoxylinl5sung gef&rbt. In dieser L5sung 
kdnnen die Objekte drei bis Tier Stunden, — wenn die L5sung 
stark verdQnnt war, auch l&nger, — verweilen, da die Behand- 
lung mit OsmiumsHure die Durchtr&nkung mit dem Farbstoff 
etwas erschwert. Das Auswaschen geschah in verdUnnter Alaun- 
I5sung. Danach wurden die Objekte in gew5hnlicher Weise weiter 
behandelt, in Paraffin eingebettet und in Serien von Horizontal-, 
Longitudinal-, oder Transversalschnitten zerlegt. Diese Scbnitte 
wurden entweder direkt in Kanadabalsam eingeschlossen, oder Yor- 



1) Die erste Anweisung, alteres Spiritusmaterial mit Osmium- 
aaure su behandeln, yerdanke ich Dr. Fr. Bloohmann aus Heidelberg. 
Zaerst angewandt wurde diese Methode yon Dr. Hilosb auB Heidel- 
berg, sowohl fUr Spiritusmaterial, wie auoh for Material, welohes 
mit Sablimat behandelt worden war. 

18* 
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her Doch mit Terpentin behaodelt, welchem einige Tropfen einer 
Ldsung von EosId oder Pikrins&ore in absolutem Alkohol zogeaetzt 
warden. >) — Diese Methode bietet bei Untersuchungen des Ner- 
vensystems, der Epithelien u. s. w. groiie VorzQge; auch kann 
Btatt der Fftrbung durch H&matoxylin eine aolche mittels Borax- 
karmin angewandt werden. ^) 

Die zweite Methode, welche auch recht befriedigende Resultate 
lieferte, bestand darin, die Spiritusexemplare in toto zu durch- 
farben, die ttberflOssige Farbe mit Sfture- Alkohol zu extrahiereo 
und in Paraffin einzubetten. Die Schnittserien wurden dann mit 
Pikrins&ure, in Terpentin-Alkohol gel5st, wie oben nachbehandelt 
Durch dieses Yerfahren erhftlt man eine sehr schdne und distinkte 
Doppelf&rbung. Namentlich wird die Muskulatur stark gelb ge- 
farbt, so dafi selbst die feinsten Muskeln sichtbar sind; auch die 
Struktur des Nervensystemes tritt sehr schSn hervor. — 

Das frische Material wurde haupts&chlich zu Mazerations- 
pr&paraten benutzt. Besonders war es die HERTWio'sche Methode 
(Osmium-Essigsaure in Seewasser), welche gute Resultate lieferte- 
Aufierdem kamen auch MCLLER'sche Fliissigkeit, sowie schwache 
Chromsllure-L5sung als Mazerationsmittel in Anwendung. Der Rest 
des frischen Materials wurde zu Schnittpraparaten verarbeitet, 
und zwar wurde derselbe auf die verschiedenste Weise behandelt 
Goldchlorit, Silbernitrat, Pikrinschwefelsaure, Sublimat, Osmium- 
8£lure, Chrom-Osmium-Essigs&ure^ sowie eine Kombination von Sab- 
limat und Osmiumsaure — namentlich die vier letzteren mit gut^m 
Erfolg — gelangten zur Anwendung. — 

Das NerYensystem der Myzostomen. 

Das Nervensystem der Myzostomen stimmt in den Haupt- 
punkten mit dem far Anneliden und Arthropoden gewohnlich als 



1) Mein Freund Dr. W. KttxnTKAL in Jena, welohem ioh diese 
Methode mitteilte, hat dieselbe mit Gliiok auch fur andere Farbstofie 
zur Anwendung gebraoht (Siehe ,,8itKung8ber. Jen. Oesellsoh. f. Med« 
und Naturw. 1886.'' und ,,Zoolog. Anzeiger'S 1886. No 213, pag. 23.); 
— ioh selber habe in der angegebenen Weise auch Naohfarbungen mit 
Sllurefuchsin y Methylblau, Nigrosin u. a. mit Erfolg ausgeftihrt. — 

2) Auoh bei anderen Tieren (Coelenteraten, Asoidien etc.) habe ioh 
diese Methode mit Erfolg versucht, ebenso hat James GfiiBGy Kustos an 
Bergens Museum, dieselbe mit Gltiok bei Ooelenteraten (Actinien, Pena* 
tuliden) angewendet — Nur ist bei dem Gebrauch yon Hiimatozyliii 
daraof zu achten, ^a^ die Ldsung keine zu konzentrierte sai — 



Digitized by 



Google 



n 



I ■ 

ADatomie und Hiatologie des NerreDsystemes der Myzostomen. 271 ' | 

typisch angenommenen ObereiD. Im grofien und ganzen erscheint • I 

es hoch entwickelt und stark differenziert. Die zentralen Teile 

sind ziemlich weit in die Tiefe des ECrpers verlegt; der Bauch- 

strang zeigt sich bei mehreren Arten durch eine dicke Muskel- 

schicht Yom Ektoderm getrennt, ebenso das Gebim, welcbes aber 

aof einer yerbaltnisin&fiig niedrigeD Stufe steben geblieben zu t^ 

sein scbeint. 

Das Zentralnervensystem der Myzostomen bestebt ans zwei ^ 

Teilen: einem Scblundring, mit welchem Ganglien oder Ganglien- '| 

zellenmassen (Gebim) verbunden sind, und einem verktlrzten Baucb- |^ 

Strang, zwar obne deutlicbe Baucbganglien, aber docb mit Spuren 
einer Segmentierung. In Verbindung mit dem Scblundring befindet 
sicb im RQssel der Myzostomen ein eigenttkmlicb ausgebildeter 
Nervenkomplex, welcben icb als „Rli8sebervensystem*' bezeicbnet < 

babe. — ' 



Der Sehlundrliig. 

L. y. Graff beobachtete einen Scblundring obne Ganglien, gebildet 
von dem ersten Paare der ftnf grofien peripberiscben Nervensttome 
des Baucbstranges, docb scbeint dieser Beobachtung, welche nur 
einmal gemacht wurde, eine teilweise T^uschung zu Grunde zuliegen, 
yielleicbt veranlaiit durch eine Zuf&Iligkeit in seinem Pr&parat. 
Dafi ein Irrtum bier m5g1icb war, ist leicht verstftndlicb, wenn man 
die geringe GrOfie der Tiere und die unzureichenden Hilfsmittel 
bedenkt, welcbe v. Graff zu Gebote standen. — DaB aber Bbard 
in seinen zahlreichen Scbnittserien keine Spur von einem Scblund-* 
ring aufgefunden bat und darauf gesttltzt die Beobacbtung v. Graff's 
g&nzlich bestreitet, ist um so scbwerer verstflndlicb, als die zwei 
Arten (M. glabrum und cirriferum), welcbe er einer Untersuchung 
unterzogen bat, gerade bezflglich der Ausbildung des Schlundrings 
besonders bevorzugt zu sein scbeinen. Der letzte Beobachtcr auf 
diesem Gebiet, v. Wagner, ist zwar nacb einer Ricbtung bin 
glUcklicher gewesen, denn er bat sowobl auf Scbnitten als auch 
an gUnstigen Quetschpr^paraten einen Scblundring beobachtet; 
allein dadurcb, dafi er denselbcn mit dem Teil des Rtisselnerven- 
systemes, welcben er zu sehen Gelegenbeit hatte, in eine enge Ver- 
bindung bracbte, sowie dadurcb, dafi er auf den Ursprung des Schlund- 
ringes aus dem wichtigsten Aste des vordersten Hauptnervenpaares 
scbltefit, ist er zu einer etwas falscben Darstellung gekommen. 

Die Scblundkommissuren, welche den Scblundring bilden, stehen 
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mit dem anderen Ende des Bauchstranges in Yerbindung and 
nehmen ihren Ursprang zwischen den zwei erstan peripheren Ner- 
ven, dieselben sind also durch dieses kleine Nervenpaar noch yod 
dem Yordersten HauptnerYenpaar getrennt (Fig. 1). — Im unteren 
Telle ihres Verlaofes sind die Schlundkommissuren ziemlich d&nn 
und nicht mit Ganglienzellen in Yerbindung, aufierdem hat dieser 
Teil eine betr&chtliche L&nge, ein Dmstand, welcher sich wahr- 
scheinlich auf die starke Beweglichkeit des BQssels and des damit 
enger verbundenen oberen Teiles des Schlandrings grUndet Dieses 
Yerhalten ist an Schnittserien etwas schwer za erkennen, wenn 
der Bassel eingezogen ist, and damit der untere Teil der Schlund- 
kommissuren ziemlich gewunden verl&uft« In ihren oberen seitlichen 
Teilen erscheinen die Schlundkommissuren etwas umfangreicher, 
und es sind auch hier innerhalb der Scheiden kleine Anschwellungen 
von einigen Ganglienzellen wahrzunehmen (Fig. 3 u. 4). — Der rein 
dorsale Teil des Schlundrings ist namentlich median ziemlich dlinn, 
gew5hnlich bandf&rmig, und l&6t innerhalb der Scheide keine 
Ganglienzellen erkennen. 

Die Schlundkommissuren umfassen den Bulbus musculosus des 
Rtissels in seinem unteren Telle, — also nicht wie yon Wagnsb 
sagt: Yor dem Bulbus,^) — und sind mit einer doppelten Neuri- 
lemmascheide Yersehen. — Innerhalb dieser Scheide liegen, wie 
schon gesagt wurde, nur wenige Ganglienzellen in zwar kleinen 
seitlichen Anschwellungen, aufierhalb derselben dagegen in dem den 
Schlundring umgebenden Bindegewebe finden sich gewdhnlich 
ziemlich zahlreiche Ganglienzellen, welche zu Yerschiedenen Gruppen 
Yereinigt sind (Fig. 1 u. 2>. — Wir haben also hier das merkwtlr- 
dige Yerhalten zu konstatieren , dafi innerhalb der Scheide des 
Schlundringes nur einige wenige Ganglienzellen belegen sind, 
wahrend der unYerhaltnismafiig grGiite Teil derselben in dem um- 
gebenden Bindegewebe eingelagert erscheint, ohne Yon einer allge- 
meinen Neurilemmascheide umgeben zu sein. Diese letztgenannten 
Ganglienzellen liegen gewOhnlich sowohl Yor als auch hinter dem 
fibrill^ren Schlundring, doch ist die grQfiere Zahl derselben immer 
hinter dem Schlundring belegen; hier erstrecken sle sich auch 
gegen die Bauchseite hin und bilden so eine Art zellul&ren Binges 
(Fig. 1 u. 2). — In dem Yentralen Telle dieses Binges treten die 



1) Wie Bich YOK Wagneb's Besohreibung erUaren laBt, wuide 
sohon oben angedeutet. 
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Zellen sp&rlicher auf ond stehen, — soweit ich im stande war, 
diese Verh&Itnisse zu yerstehen, — nicht mit den ventralen Teilen II 

der SchluDdkommissuren in VerbinduDg, sondern scheinen mit dem 
dorsalen Teile des Schlundringes vereinigt, vielleicht durch zwei ; 

kleine NerveD, welche, jederseits einer, vom fibrillaren Ringe ent- | 

springen und gegen die Baochseite hin verlaufen. — Diese veDtral L 

gelegenen Zellen mQssen also dem dorsalen Teile des Schlund- 
ringes beigerechnet werden und sind vielleicht als die sogenannten 
sympathischen, sich rUckw&rts erstreckenden Zellenzweige zu \ 

deuten, entsprechend denjenigen, welcba im hinteren Teile des 
Gehims der Archianneliden beschrieben worden sind. — Der dor- 
sale Teil des zellul&ren Ringes zeigt die starkste Ausbildung, in 
ihm sind die meisten Ganglienzellen angeh&uft Bei eingebender 
Untersuchung kann man gewOhnlich unter diesen Zellen vor und 
hinter dem fibrillaren Ring eine Art von Gruppierung wahmehmen, 
welche darzuthun mir durch zahlreiche Scbnittserien mSglich gewor- 
den ist. Gewohnlich waren in diesem dorsalen Teile drei bis vier 
Gruppenpaare zu unterscheiden , so dafi sich auch hier eine bila- ill 

terale Anlage angedeutet findet, wie sie in dem fibrillaren Ring 
konstatiert werden kbnnte. — Der ganze dorsale Teil des Schlund- 
ringes mit den dorsalen Gangliengruppen wtlrde demnacb als das 
eigentliche Gehim, entsprechend demjenigen der Anneliden und 
Arthropoden , aufzufassen sein. — Die Ganglienzellen dieses Ge- 
hims sind meist unipolar, jedocb kommen in den hinteren Teilen 
auch multipolare Formen vor, deren Ausl&ufer oft rQckw&rts gegen 
das Magenepithel gerichtet sind. — Ob diese multipolaren Zellen 
einem sympatbischen Teile des Gehirnes beizuz&hlen sind, mu£ 
vorl&ufig noch dahingestellt bleiben. 

Die oben gegebene Beschreibung des Schlundrings pafit in 
den HauptzHgen f&r die verschiedenen von mir untersuchten Arten. 
Bei M. cirrifenim, M. glabrum, M. gigas und giganteum ist der 
Schlundring mit den umgebenden, meist ziemlich machtigen Gang- 
liengruppen leicht zu beobachten, da er gut ausgebildet erscheint 
Bei M. Graffi dagegen, zum Teil auch bei M. Carpenteri, liegen 
die Verh&ltnisse etwas anders. Hier sind die umgebenden Gang- 
lienzellen bei weitem nicht so zahlreich nnd von dem fibrill&ren 
Schlundring entfemt an dem hintersten Ende des Bulbus muscu- 
losus gelegen. Nur wenige vereinzelte Zellen waren in den Sei- 
tenteilen des RQssels nahe dem Schlundring (Fig. 4) wahrzunebmen, 
wahrend vor dem fibrill&ren Ring keine Zellen aufgefunden wurden. — 
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Der fibrillftre Ring selbst zeigt sich weniger stark entwidcelt, doch 
kommen auch bier, wie bei den dbrigen Arten, inneriialb der Scheide 
jederzdt Ganglienzellen vor. 



Das Rftsselnerreiisystem. 

Bei den Myzostomen findet sich ein dem stomatogastrischen 
Nervensystem der Anneliden *), ein dem proboscidalen Nervensy- 
stem der Pycnogoniden *) analbges System, jedoch scheint die 
Ahnlichkeit mit dem letzteren bei n&herer Dntersuchung eine 
roebr oberfl&cbliche zu sein, wie spelter ausgefQhrt wird. Die An- 
ordnuDg dieses Rttsselnervensystems , welches bisher von keinem 
Bearbeiter der Myzostomen beschrieben wurde, ist ziemlich kom- 
pliziert Dasselbe scheint mit dem Schlundring so innig yerbunden 
zu sein, dafi man sich versucht fUhlen k5nnte, es als einen Teil 
des Schlnndrings aufzufassen. — 

Vor dem Schlundring verlaufen jederseits nach vom gegen 
die Spitze des Rflssels bin einige Nerven, nach meinen Erfahrungen 
drei auf jeder Seite (Fig. 1. vn', vn", vn"'.). Diese drei Nerven- 
paare verbinden den Schlundring mit einem vor dem Bulbus mus- 
calosus gelegenen fibrill&ren Nerveuring, welchen ich als „Tentakel- 
nervenring** bezeichnen werde, weil er im Bindegewebe unter den 
Tentakeln des RQssels belegen ist and Nerven in dieselben sendet 
— (Fig. 1; tnr), — Dieser Tentakelnervenrin gist bei den verschie- 
denen Arten etwas verschieden ausgebildet, hat jedoch immer be- 
deutende Dimensionen. Er erscheint als geschlossener Ring und 
ist Yon einer dttnnen Scheide umgeben, innerhalb deren Ganglien- 
zellen nicht auftreten. Dagegen zeigt sich bei M. Graffi dieser 
Ring Yon zahlreichen Ganglienzellen umgeben, welche in dem 
lockeren Bindegewebe des Yorderen RUsselendes eingelagert sind 
und namentlich Yor dem Ring in grofier Menge auftreten. Diese 
Zellen sind unipolar und stehen durch ihre Forts&tze mit dem 



1) Zuletst beBohrieben Ton G. P&uyot* ,fij%i4me neryeuz de8 An- 
nelideB polyoh^teB". Arch. d. Zool. ezper. PariB. 1885 No. 2. — 
Anch Ehlsbb: ,yDie Borstenwiirmer etc." 1868., Quatrefiages : ,,Ann. So. 
Nat. I860.'' u. A. — 

2) A. Dohbk: „Bie Pantopoden doB Golfes yon Neapel. Fauna 
and Flora d. G. y. Neapel. III. Monographie. 1881." 

P. P. G. Hoik: ,,Beport eio. of H. H. S. Gkallbnoeb/' Zoology. UL 
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Ring in Verbindung (Fig. 5). Bei anderen Arten, z. B. bei M. 

giganteuni, treten diese Zellen au£erordentlich sparsani aof, ja sie 

fehlen fast gftnzlich, dafQr finden sich Ganglienzellen im Binde- 

gewebe aofierhalb des Balbus musculosus zwischem dem Tenia- 

kelnervenring und dem Schlundring. Die Zahl dieser Zellen, 

welche bei M. Oraffi nicht vorbanden sind, nimmt gegen den k 

Schlnndring bin bedeutend zu und bier geben dieselben in die 

Zellen des Gebirns fiber. Was die Gruppierung dieser Zellen an- 

langt, 80 l&fit sich wahmehmen, dafi dieselben die Neigung zeigen U 

sich um die Verbindungsnerven zwischen dem Schlundring und 

dem Tentakelnervenring anzuordnen. Vor dem Tentakelnervenring 

kommen gewdhnlich keine derartigen Zellen vor; M. Graffi macht 

davon, wie oben beschrieben wurde, eine Ausnahme, und es scheint 

bei dem Nervensystem dieser Art die Tendenz vorhanden, die 

Zellen in dem vorderen Ende zu konzentrieren , da ja auch der 

Schlundring, wie wir oben gesehen haben, nur von einigen wenigen 

Zellen umgeben wird. — 

Von dem Tentakelnervenring geht je ein Nerv f&r jeden 
Tentakel ab (Fig. 1. to.). — Diese Tentakelnerven lassen sich bis 
in die Spitze der Tentakeln verfolgen, wo sie sich pinself5rmig 
in ihre Fibrillen aufldsen. Das Epithel der Tentakelspitzen er- 
scheint ganz fibrill&r und besteht, soweit ich es feststellen 
konnte, aus langen fibrill&ren Zellen, deren Kerne ziemlich weit 
von der Spitze entfernt gelagert sind, so dafi die &ufiersten Spitzen 
deutliche Fibrillen obne Kerne erkennen lassen. Es erscheint nun 
wahrscheinlich, dafi die einzelnen Nervenfibern in Verbindung mit 
diesen langen Zellen stehen. Ob sie auch mit den Tasthaaren in 
Konnex treten, war nicht zu konstatieren. — Auch zu dem Epithel 
des Scblundes vor dem Bulbus musculosus entspringen zarte 
Nerven von dem Tentakelring (Fig. 5), und es scheint, als ob die- 
selben vorzugsweise mit den in diesem Telle des Epithels auftre- 
tenden Leisten korrespondierten. — Von mehr Interesse und 
Bedeutung sind vier grdfiere Nerven, welche von dem Schlund 
abgehen und diesen entlang auf der inneren Seite des Muskel- 
bulbus unter dem Schlundepithel verlaufen (Fig. 1; sn; — Fig. 
5, sn; — Fig. 6.). — Diese Nerven, zwei auf jeder Seite, gehen 
bis zu dem hinteren Rflsselende, biegen dann um das hintere Ende 
des Bulbus musculosus und richten sich nach vom gegen den 
Schlundring. — Ob sie aber mit dem Schlundring in Verbmdung 
treten oder nicht, konnte leider mit Sicherheit nicht festgestellt 
werden, da sie hier bei dem gleichzeitigen Auftreten einer grdfiereu 
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Zahl von Nerven nur schwer zu verfolgen sind. Einige Male 
glaubte ich allerdings eine VerbiDdung zu seben, doch gcbien die 
Mfiglicbkeit einer optischeD T&u8choDg nicht ausgeschlossen. — 
Unter dem Scblondepithel bilden diese vier Scblundnerven eine 
Art von Nervenplexus, indem sie viele kleine Nerven&ste abgeben 
(Fig. 6.). Auch sind zwiachen den Epithelzellen viele Oanglien- 
zellen zu bemerken. Am baufigsten treten dieselben in der Nahe 
der vier Nervenstltoroe auf und stehen oft in direkter Verbindung 
mit diegen ; ja am hinteren Telle dea Schlundes zeigen sie die 
Tendenz, kleine Ganglien zu bilden. Die Scblundepithelzellen, 
welche sebr langgestreckt und mit langen Kernen versehen sind, 
und welche sich durch Osmiums&ure und Farbstoffe sebr leicht 
farben lassen, stehen durch lange Auslaufer mit von den Nerven- 
&sten kommenden Nervenfibrillen in Verbindung. Auf Schnitten 
kann man h&ufig diese Ausl&ufer, welche allmahlich in die dickeren 
Zellen tlbergehen, fkcherf&rmig von den verschiedenen Nervenasten 
entspringen sehen. — Dieses Epithel, welches von einer Kutika- 
larmembran bedeckt ist, ist folglicb als ein sensitives aufzufassen 
und wahrscheinlich als Geschmacksepithel zu deuten. (Fig. 7). — 
Einige Male gelang es, kleine Nervenaste nachzuweisen , welche 
von den Scblundnerven ibren Ursprung nabmen, die Bindegewebs- 
membran auf der inneren Seite des Bulbus musculosus passierten 
und sich zwischen den Muskeln des Bulbus ausbreiteten. Der- 
gleichen Nerven, von dem Tentakelnervenring entspringend, waren 
auch auf der aufieren Seite des Bulbus musculosus zu bemerken. 
— Beilaufig mag hier angeiilhrt werden, dafi von dem hinteren 
Teile des Gehirns auf der dorsalen Seite kleine Nerven abgeben, 
welche zu dem Epithel des vorderen Teiles des Magens verlaofen. 
Diese Nerven stehen wahrscheinlich zum Teil in Verbindung mit 
grofien Ganglienzellen, welche zwischen den Epithelzellen zu be- 
merken sind; wahrend andernteils auch Nerven beobachtet 
wurden, welche direkt in das Epithel eintreten und sich darin 
verbreiten. — 



Ber Bauchstrang. 

Der Bauchstrang ist von dem Ektoderm durch eine dQnnere 
Oder dickere Muskelschicht getrennt, deren Dimension ziemlich 
stark variieren kann, und zeigt meist durch seine kurze zusammen- 
gedrangte Gestalt nicht wenig Ahnlichkeit mit demjenigen der 
Arachniden; jedoch kann dieselbe auch mehr langgestreckt anf* 
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1) 0ber den Bau der Soheide wird sp&ter bei Bespreohung der 
Hifltologie referiert werden. 
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treten, z, B. bei M. Graffi. — Innerhalb der doppelten Scheide, 
welche den Bauchstrang umgiebt und in eine ilufiere kutikulare ^ll 

und eine innere lamellare oder retikulare zerf&llt ^), liegen zwei 
dicke, fibrill&re LEngskommiBSttren, welche durch Querkoromissuren 
verbunden Bind. Auf der ventriden Seite verlftuft in der Mitte ! 

zwischen den Langskommissuren ein intermedi&rer Nenr, welcher k 

gewdhnlich durch zahlreiche, unpaare Seiten&ste mit den Langs- 
kommissuren in Yerbindung steht (Fig. 1 in.)- — Die Zahl der 
Yon dem Bauchstrang abgehenden peripheren Nervenpaare — (die 
Schlundringkommissuren sind nach der oben gegebenen Darstellung 
ausgeschlossen) — betrfigt elf: fiinf Hauptnervenpaare (die fiinf 
LovAn's) und 6 Paar kleinere Nerven (Fig. 1). Die zwolf Nerven- 
paare V. Gbaff's Bind insoweit irrtiinilich, als hier ein zwischen 
dem vierten und fdnften Hauptnervenpaar gelegenes Nervenpaar, 
welches von Sbmfeb beschrieben wurde, nicht mit gerechnet ist; 
V. Gbaff's Zeichnung wird jedoch richtig, wenn man die Schlund- 
kommissuren hinzufQgt Oder die inneren Verzweigungen des ersten ^ 

Nervenpaares als solche auffa&t. — Ein unpaarer Nerv, welcher I 

von LoviN und Semper im vorderen Ende angegeben wurde, ist ^ 

nicht vorhanden; und la£t sich diese Angabe vieUeicht dadurch 
erkl&ren, dafi beide Forscher nur eine der Schlundkommissuren 
Oder aber dafi sie nur den Ursprung derselben gesehen haben. — 
Die L&ngskommissuren sind im vorderen und hinteren Ende des 
Bauchstranges durch bedeutende Querkommissuren verknQpft, deren 
Dicke beinahe derjenigen der Langskommissuren gleichkommt 
(Fig. 1. QCM, QCM*). — Zwischen diesen grfiUeren, vorderen und 
hinteren Querkommissuren liegen eben solche kleinere. Unter den 
letzteren treten namentlich vier starkere hervor (Fig. 1. Qcm^ bis 
Qcm^), deren Lage mit den Zwischenraumen zwischen den fQnf 
Hauptnervenpaaren korrespondiert^ und welche auch durch Nerven- 
fibern mit den Ganglienzellen dieser Zwischenraume in Yerbindung 
stehen, ebenso wie sie auch Nervenfibern in die Hauptnervenstamme 
beider Seiten vom und hinten seuden. Zwischen diesen vier 
st&rkeren Querkommissuren und den zwei erstgenannten st&rksten 
Querkommissuren liegen schwftchere Querkommisuren, gewdhulich 
fUnf, deren Anzahl und Lage also mit deijenigen der Haupt- 
nervenpaare fibereinstimmt (Fig. 1. qcm^—^); nur bei M. Graffi 
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sind diese Qaerkommissuren zahlreicher, da hiermeist zvei zfrischen 
je einem Paare der stilrkern Kommissaren lagern. — Die Oang- 
lienzellen sind haupts&chlich in dem Raume zwischen den beiden 
L&ngskommissuren, sowie auf ibrer dorsalen, &uBeren Seite zwiscben 
den Abgangsstellen der Nerven gelegen ; nur ganz aasnabmswdse 
finden 8icb Ganglienzellen innerbalb der fibrillftren Masse. Auf 
Querscbnitten zeigen die Ganglienzellen eine bestimmte Anordnung; 
jede Gruppe von Ganglienzellen bat einen Knotenpankt auf den 
Quer- Oder Langskommissuren, gegen welcbeo die Zellenaasl&ttfer 
konvergieren, und an welcbem sie in die fibrill&re Masse eintreten 
(Fig. 8). Es ist also eine &hnlicbe Gruppierung der Ganglienzellen 
vorhanden, wie sie Hebmakn Vignal und andere bei den Hiru- 
dineen and den Chatopoden bescbrieben baben. — Der getrennten 
Lage der L&ngskommissuren wegen werden nattlrlich diese Gruppen 
bier zablreicber, und es scbeinen dieselben vorzugsweise rund um 
die Tier st&rkeren, mittleren Querkommissuren angeordnet zu sein. 
Auf Querscbnitten waren zum mindesten secbs verscbiedene Paare 
solcber Gruppen sicbtbar (Fig. 8), wie sie aucb in die Figuren 
meiner frQher citirten Arbeit (Tab. V; Fig. 9 a, b, c, d, e, f and 
Tab. IX Fig. 4 c/ c,* c, ' c,* c, * c, •) eingezeicbnet sind. Auf 
eine detaillierte Bescbreibung dieser Gruppen kann bier nicbt ein- 
gegangen werden, nur soil erwfibnt werden, dafi die Zellen in 
einigen Gruppen ihre Ausl&ufer durcb die Querkommissuren nacb 
der entgegengesetzten Seite des Baucbstranges senden, wabrend 
die Ausl&ufer anderer Zellen sieb in der fibrill&ren Masse derselben 
Seite auflosen, wieder andere Zellen dagegen die fibrilllU'e Masse 
durcbsetzen und in peripbere Nerven derselben Seite tlbergeben 
— Verbftltnisse, welcbe in dem der Histologie gewidmeten Tdl 
n&ber besprocben werden sollen. — Der unverbaltnisraafiig grdBere 
Teil der Zellen sendet seine Auslaufer jedenfalls durcb die fibriUare 
Masse der Kommissuren, einige Zellen senden jedocb ibre Aus- 
l&ufer direkt, obne die fibrill&re Masse zu durcbsetzen, in die peri- 
pberen Nerven. Letztere Zellen sind zu einer kleinen Gruppe fiber 
der Ursprungsstelle eines jeden der fiinf Hauptnervenpaare vereinigt 
(Fig. 8.). — Abnlicbe Zellen wurden aucb in den peripberen Nerven 
fern vom Baucbstrang entdeckt. Diese Beobacbtungen widersprecben 
den Angaben Yigkal's, denen zufolge bei den Wdrmern im will- 
kilrlicben Nervensystem keine Ganglienzellen ibre Auslaufer direkt 
in die peripberen Nerven, obne naber die fibrillare Masse zu passieren, 
senden sollen, und ferner in den peripberen Nerven selbst keine 
interponierten Ganglienzellen existieren sollen. Dagegen stimmen 
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Toratehende BeobachtungeD mit den Angaben Lbtdig's, Hebmann^s, ] 

Hoffmank's, Schultze's, Walter's, Quatrefages' und anderer M 

Hber das Nervensystem von Hirudo tiberein — Angaben, welche •] 

ViGNAL^) bestreitet, indem er die Zellen, wenigstens eines Teils % 
dieser Autoren fiir ^eiozellige Nervenparasiten'' erkl&rt, wUhrend 
er den Best dieser Arbeiten nicht gekannt zu haben scheint — 

Die Gr5lSe der Nervenzellen kann zietnlich stark variieren. 
Zum gr5fiten Teil sind es kleinere, unipolare Zellen; aber in der 
Mitte des Bauchstranges gelegen finden sich einige, durcb ihr be- 
deutendes Yolumen ausgezeichnete Zellen. — Bei M. gigas, wie 
auch bei M. giganteum sind besonders einige derartige Zellen in's 
Auge fallend, welche zu Paaren, — je ein Paar zwischen jeder der 
grdfieren QuerkommissureD , — auf der Dorsalseite gelagert sind. 
Diese Zellen treten namentlich im hinteren Telle des Bauch- 
stranges sehr regelm&fiig auf und sind mit den kleineren Quer- 
kommissuren verbunden ; im vorderen Telle des Bauchstranges finden 
sie sich gewOhnlicb etwas zahlreicber; im ganzen waren sechs bis 
sieben solcher Zellenpaare zu bemerken (Fig. 1.). Diese Zellen 
Bind unipolar, ihre Ausl&ufer, welche einander kreuzen und Chias- 
men bilden, konnten durch die fibrillftre Masse der Langskommis- 
suren hindurch in die fdnf Hauptnervenpaare hinaus verfolgt wer- 
den. Auf der ventralen Seite finden sich auch grofie Zellen yor, 
jedoch ist ihr Auftreten minder regelmafiig und vorzugsweise auf 
den mittleren Teil des Bauchstranges bescbr&nkt. — 

Die Grdfie der gr5Bten Ganglienzellen kann bis 0,039 mm 
im Durchmesser betragen bei einer Gr5fie des Kernes von 0,018 mm; 
wahrend die kleineren Zellen ungefahr 0,013 mm und ihre Kerne 
0,008 mm messen. Zwar kommen auch Zellen vor, welche uoch 
nicht die Halfte des zuletzt angegebenen Mafies erreichen, doch 
ist stets zu konstatieren , dafi die Grdfie der Kerne eine minder 
schwankende ist als diejenige der Zellen selbst. 

Was nun das Vorkommen von Ganglienzellen innerhalb der 
fibrill&ren Masse anlangt, so kann nur angegeben werden, dafi sich 
einige sehr kleine Zellen finden, in gewissem Grade Shnlich den- 



1) YieKAL: „£ech. hist. 8. 1. centres nerveux de quelques inver- 
UbtiB/' Arch. Zool. ezp. Sjr. a. Tome L 1883. 

Die Angaben Yiqval^b werden auch yon Saint-Louf bastritten 
in B. Saint-Loup: „ Bech. a. Torgan. des Hirudin^.'' Ann. So. nat. 
Tome XVUI. 1884 pag. 61. — 
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jenigen kldnen ZeDai, wdche too mir in der fibriHilreii MiaBed«s 
! Gehirns der Ascidien au^gefunden wnrdeiL ^) — 

Die S^meotiernog des BauchstraDges ist lange nicht so ans- 
gesprochen and leicht so eeheD, wie man naeh Beasd*8 SchiMansg 
aozanehiDen geneigt sein kann: ^Tbcae ganglionic cells seem to be 
/ confined to the portions of tbe nerrons system from whidi nerves, 

and especially large nerves are giyen off. We have indeed in their 
^ arrangemoit traces of a series of ganglia, which howeter by de- 

generation have lost their primitive character of segmental gang^"* 
— Wie ans meiner obigen Darstellung ohne weiteres ersichtlich 
ist, stimmen diese Angaben Beabd's mit meinen Beobachtongen 
nicht sehr Qberein. Bkabd scheint, mit Aosnahme der stirksten, 
ersten and letzten, keine Qnerkraimissuren wahrgenommen m haben, 
und gonde diese sind doch um vieles leichter za konstatieren als 
die eigentliche Anordnnng der Zdlen. Denn w^en der rasammea- 
gezogenen Gestalt des Baochstranges licgen die Zellen sehr dicht 
bei einander. Die Mehrzahl derselben ist gerade zwischen den 
Hauptnerven gelegen sowohl aof der auCeren Seite der Lings- 
kommissnren als auch in der Mitte, — insowtit hier flberfaanpt 
davon die Bede sein kann , — and sendet ihre Aoslaafer dorch die 
vier dicken Qaerkommiasoren. Daher, meine ich, daB aos der Lage 
der Zellen aUein achwerlich aof eine Segmentiernng geschlossen 
I werden kann, wie es anch angemeine Schwieri^eiten hat, die Zahl 

r der matmaSlichen S^mente damach festzosteOen. — Klarer 

findet sich dies dorch die Regelm&Bigkeit der abgehenden Nerven 
angedeotet Der abwechselnde Austritt je eines st&rkeren and 
eines scbw&cheren Nerven stimmt ja genau mit den Verhiltnissen 
flberein, wie sie von den Hiradineen, Ch&topoden, Isopoden 
a. s. w. bekannt sind, and kann meiner Meinang nach nor 
von einer frOher starker aosgepragten Sc^mentierong bergeleitet 
werden. Trotzdem ist die urspr&ngliche Zahl der Segmente des 
Baachstranges nicht leicht genao zn bestimmen, and habe ich 
in meiner erwahnten gr5Beren Abhandlang sechs Segmente ange- 
nommen, weiche sich am deatlichsten bei M. Graffi darstdlen. — 
Das erste Segment, welches dem Unterschlondganglion anderer 
Tiere entspricht, steht mit den Schlondkommissaren in Yerbindang 



1) Fr. Navbsh: „Forl. Meddelelae an Undsreogaker OTer Central* 
nervensystemets histologiske fiygning hos Ascidieine samt hos Myxine 
glatinosa." Bergen's Mas. Aasberetn. f. 1S85 n. Ann. a. Mag. of Fat 
Hist 1SS6. — 
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and giebt vielleicbt auch dem ersten kleineren peripheren Nervcn- 
paar den Ursprong. — Die fanf folgenden Segtnente entsprechen 
fiinf BauchganglieDpaaren ; jedes derselben giebt ein Hauptnerven- 
paar uod wabracheinlich das hinter diesem gelegene kleinere Ner- 
venpaar ab — demnach wUrden sich sechs Segmente finden, nur 
Iftitt sich schwer bestimmeD, ob nicht yielleicbt in dem hintersten |* 

Ende des Bauchstranges mebrere Segmente zusammen verschmolzen jtk 

sind. Wie sp&ter nfther bescbrieben werden sol), iat bei M. Graffi ^ 

das letzte Nervenpaar aof der ersten Strecke seines Yerlaufes i^ 

Terdnigt und mit Ganglienzellen verseben. Dieses Verhalten, wie 
auch der ganze Bau des bintersten Teiles des Bauchstranges f&ber- 
haupt kann auf ein Vorhandensein eines oder mebrerer jetzt ver- 
ichwundener, ursprQnglicber Segmente oder zam mindesten Gang- 
lien gedeutet werden. Jedenfalls ist es ungemein schwierig , sich 
tiber diesen dankeln Punkt mit Bestimmtheit zu ftufiern. 

Es bleibt mir noch, bevor ich welter gehe, Qbrig, mit einigen 
Worten der Beschreibung zu gedenken, welche v. Wagner von dem 
Bauchstrang giebt. — Seine Darstellung desselben stimmt im 
wesentlichen mit meinen Angaben liberein. Die yier Querkom- 
missuren, welche er beschreibt, sind, was Gestalt und Lage an- 
langt, identisch mit den von mir beobachteten vier dickeren Quer- 
kommissuren (Fig. 1, Qcm ^ — Qcm ^); dagegen hat er die dUnneren 
Querkommissuren entweder nicht gesehen, oder, — falls er sie ge- 
sehen hat, — nicht richtig gedeutet, da ich glaube, dafi die „kleinen 
Ballen von hOcbst wahrscheinlich bindegeweblicher Natur *)", welche 
er beschreibt, in Wirklichkeit Stfickchen der dQnnen Querkom- 
missuren gewesen sind, denn meinen Beobachtungen zufolge sind 
derartige Biudegewebsballen nicht vorhanden. Dafi v. Wagner 
nicht die Einzelheiten beztlglich der Lage und Gruppierung der 
Ganglienzellen gesehen hat, welche oben beschrieben wurden, lafit 
sich leicht durch die geringe Grofie der von ihm untersuchten 
Arten erklaren. Ich konnte mich selbst bei M. cirriferum mannig- 
fach Uberzeugen, dafi diese Einzelverh&ltnisse bier wegen der Klein- 
heit der Tiere viel schwieriger zu beobachten waren, als bei den 
gr5fieren, mir noch zu Gebote stehenden Arten. — Vielleicbt haben 
auch die Untersuchungsmethoden von Wagner's nicht so sch5ne f 

Differenzierungen ergeben, als ich zu erreichen im stande war. — 
Was die abgehenden Nerven anlaugt, so ist vor allem zu betonen, 
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daS YON Waqner, wie die frilheren Beobachter, entweder die eigent- 
licbeo Schlundkommissuren nicht gesehen oder anrichtig au^efaftt 
bat, iDdem er sie von dem ereten Hauptnenrenpaar entspringea 
l&fit — Trotzdem bat er docb die Zabl der ursprilnglicbeD Seg- 
mente oder — wie er sie nennt — Ganglienpaare zu aechs ange- 
nommeD, indem er annimmt, dafi die SchlaDdkommiBBuren ursprQng- 
licb von dem ersten HauptDerveDpaar getrennt waren. G^;en die 
Hypothese, welcbe voir Wagnbb ttber die Oeneae des BattchatrangeB 
entwickelt, babe ich im groBen uud ganzen nicht viel einzawenden. 
Dafi die L&ngskommissuren immer getreunt waren, wie sie much 
heut zu Tage sind, finde icb selbstverstlindlicb ; dafi sie frdber, 
Yielleicbt auch ferner voneinander belegen waren, finde ich wahr- 
scheinlich; ob sie aber deutlich ausgeprfigte Ganglien enthielten, 
finde icb mebr zu bezweifeln, zumal es jedenfalls nicht notwendig 
war. — Auch werden durch die Entdeckang der kleineren Qaer- 
kommissuren und die Gruppierung der Ganglienzellen die Verb&lt- 
nisse andere als sie yon Wagner vorausgesetzt hat — Die Auf- 
fassuDg YON Wagneb^s, die dickeren Querkommissuren als die ur- 
sprfinglichen, die paangen Ganglien Yerbindenden Kommissuren 
anzusehen, wird etwas schwieriger, wenn wir sehen, dafi sie durch' 
Fibren sowohl mit den vorn und binteu abgebenden HauptnerYen 
als auch mit den zwischen den Ursprungsstellen beider gelegenen 
Ganglienzellen 1) in Verbindung stehen. Jedenfalls gebt daraus 
hervor , dafi die vorliegenden Yerb&ltnisse ziemlich ver&ndert sind 
und Yon den ursprQnglichen stark abweichen. Zudem finde ich 
den Bau des Bauchstranges so kompliziert, dafi es bei dem jetzigen 
Grade unserer Eenntnis als verfrUht angesehen werden mufi, eine 
exakte Hypothese aufzustellen. — Wir mtlssen uns Yorl&ufig damit 
I zufrieden geben, zu konstatieren, dafi der Bauchstrang der Myzosto- 

I men Spuren einer gewissen Segmentierung erkennen lafit, und dafi 

I die Langskommissuren friiher wahrscheinlich weiter Yoneinander 

gelagert waren. 
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1) Wenn die Hypothese stichhaltig wSlre, miifiten diese Zellen 
auB zwei Ganglien herstammen ; demnach warden also die Zellen 
zweier Yenohiedener Ganglien mit deraelben Oaerkommissur in Yer- 
bindung stehen. — 
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Das perlphere Nerfensystem. 

Das periphere Nervensystem ist bisher von kdnem Bearbeiter 
der MyzostomeDgruppe genaa beschrieben worden, da bei den Zer- 
zupfiifigs- Oder Quetschpr&paraten , an welchen die Mehrzahl der 
UDtersuchungen angestellt worden ist, die Nerven meist an ihren 
UrsprangBstellen gerissen sind. Zwar haben mehrere der frftheren 
Beobachter, unter anderen Semper, Vermutungen fiber die Aas* 
breitung der Nerven geftufiert, jedoch stimmen diese Annahmen \j 

nor wenig mit den Thatsachen tiberein. Eine sehr richtige Vor- ^^ 

stellung scheint Loy^n, also der erste Beschreiber dieses Ner- 
yensystemes, gewonnen zu baben, wenn er sagt, daS die von ihm 
aufgefundeneo fUnf Nervenpaare — die fOnf Hauptnervenpaare der 
sp&teren Forscber — nach den Farapodien geben. Von den Ubrigen 
Forschern, welche die Myzostomen zum Teil mit den Methoden 
der modernen Technik, wie z. B. Beaed and v. Waqmee, unter- 
sucht haben, macht nor letzterer bezQglich des peripheren Ner- 
vensystems einige n&here Mitteilungen , welche jedoch von den 
meinigen^) in mehrfacher Beziehung abweichen und meiner An- 
sicht nach nicht ganz korrekt sind; — ein Umstand, welcher 
sich leicht daraus erkl&ren laQt, dafi Wagner's Beschreibung^) 
seiner eigenen Mitteilung gem&8 „sich zum gr5£ten Teil auf die 
einmalige Beobacbtung an einem gelangenen Quetschpr&parate*' 
stQtzt — Besonders ist er, wie schon oben erwiAnt wurde, in der 
Deutung des ersten Hauptnervenpaares nicht gldcklich gewesen, 
indem er dasselbe mit dem Namen: „Schiundring-Nervenpaar'^ 
belegte und es, wie y. Graff, als mit dem Schlundring in Ver- 
bindung stehend beschreibt, wahrend er die fQnf Hauptnerven- 
paare in Beziehung zu den Fufistummeln setzt , welch letzteren 
er sogar einmal als Farapodien bezeichnet — Leider kann ich 
hier auf v. Waqner's Untersuchung nicht ausfUhrlicher ein- 
gehen, sondern mufi mich zu meinen eigenen Beobachtungen 
wenden. — 

Dm den gesammten Verlauf der Nerven zu studiren, ist es 
unerl&filich, sorgfaltige horizontale , wie auch transversale Schnitt- 
serien gut konservierter und gefarbter Myzostomen anzufertigen. 
Dorch eine sorgf&ltige Durchmusterung und Zusammenstellung 
solcher Schnittserien — namentlich von M. giganteum — ist es 



1) loc. oit pag. 30. 

2) loc. oit. pag. 39 — 48. 

Bd, XZI. N. F. XIV. «Q 
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mir endlich nacb mOhsamen und zeitraubenden Stadien gelangen, 
in meiner schon oben zitierten Arbeit Taf. I, Fig. 8. Taf. II, Fig. 
lOf 11, 12, 13, eine, wie ich glaube, ziemlich korrekte and zo- 
verlAssige Darstellung des peripberen Nervensys temes zu geben 
*- Auch die dieser Arbeit beigegebenen Fig. 9 u. 10 auf Taf. XIX 
werden hoffentlieh genQgen, die HaupteigeotQmliebkdten des peri- 
phereD NeryeDsystemes zu demoostrieren, wie ich sie in Kftrze be- 
schreiben werde, indem icb zugleich auf die ausfahrlichere Be- 
Bchreibang, sowie die zahlreicheren AbbildoDgen in meiner Haupt- 
arbeit verweise. — 

Id Fig. 9 ist der erste linke HauptnerveDStamm mit dem hinter 
ihm liegenden kleineii Nerven (n), tod oben geseheD, zar Darstelluog 
gekommeo ; diese Abbildung gentigt zugleicb, um ein befriedigendes 
Bild der Qbrigen Hauptueryenst&mme zu geben, bei welchen die 
Verb&ltnisse im grofien und ganzen dieselben sind. — Wie leicht 
zu erkennen ist, teilen 8ich die Hauptnerren nahe ihrer Urspruogs- 
stelle in mehrere Zweige, UDter denen besonders vier starkere 
leicht keoDtlich sind. Dieselben zerfallen in zwei Sufiere uud zwei 
innere, welche letzteren wieder aus mebreren kleineren Asten besteben. 
Die zwei ftuSeren Zweige, einer auf jeder Seite des Nervonstammes, 
N ^ und N ^ der Fig. 9 , gehen zuiu Rande des KOrpers, wo sie 
sich stark ver&steln und durch diese zahlreichen kleinen Aste mit 
den Zellen des Bandepithels in Verbindung treten, wodurch eine 
sensitive Funktion des letzteren angedeutet wird. AuBerdem 
bildet jeder dieser aufieren Zweige ein wenig innerhalb von dem 
Ursprung jeder Zirre eine dicke Verzweigung (Fig. 9, a) oder einen 
Komplex, von welchem ein starkes Nervenbiindel in die Zirre eut- 
sendet wird. Die Nerven dieser BQndel verlaufen unter dem 
Epitbel der Zirren gegen die Spitzen bin und versorgen das 
Epithel der Seiten und Spitzen mit Nervenfibrillen , so daB die 
Zirren als sehr empfindliche Sinnesorgane (Tastorgane) erscheinen. 
— Da dieses Verbalten charakteristisch fttr die ftuBeren Zweige 
der Hauptnervenstamme ist, so babe ich dieselben mit dem Namen 
der „Zirrenzweige*' belegt — Die inneren Zweige, Fig. 9, N * und 
N *, dagegen treten in das Parapodium selbst hinein und verseheo 
durch ihre kleinen Ver&stelungen sowohl die Muskulatur der Fufi- 
stummein und der Hacken, wie auch die Hackendrilsen, die Para- 
podiendrQsen u. s. w. mit Nerven, aus welchem Grunde ich diese 
inneren Zweige auch „ParapodieDzweige'' genannt habe. — Die 
Innervierung der Hackenmuskeln wird namentlich durch einen 
doppelten Ast (hz) besorgt, welchem in meiner iriiheem Arbeit 
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1) Diese Organe habe ich in meiner ersten Arbeit Fufiganglien 
genannt, obschon ich iiber ihre nerydse Funktion sehr in Zweifel war. 
Jetzt bin ich jedoch mehr imd mehr zu der tJberzeugung gekommen, 
da& Bie driisiger Natur sind und als Parapodiendriisen bezeidinet 
werden konnen. 
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eine besondere Abbildung (Taf. Ill, Fig. 11) gewidmet ist. — I • 

Den Asten, welche die Parapodiendrasen ioDerYieren^), habe ich M 

den Namen der „Drtisenzweige" beigelegt (pd). — ' ' 

Aufier den vier grd£eren Zweigen der Hauptnerven verdient 
Doch ein kleiner, in der Mitte belegener Zweig besonders genannt 
zu werden. Dieser mittlere Zweig (Fig. 9, mz.) teilt sich und 
entsendet den einen Ast zu den Bauchmuskeln, welche gegen das 
Parapodium hin verlaufen (v. Gbaff's ^mosculus centralis*')) w^ihrcnd 
der andere Ast den aufieren Zweig des Hauptnerven kreuzt und 
in einzelnen Fallen miteinem der Zirreuzweigeanastomosierte, welches 
Verhalten jedoch ein nicht gewohnliches zu sein scheint. — 

Die zwischen den Hauptnerven eutspringenden kleinen Nerven 
scheinen hauptsachlich mit Muskein in Verbindung zu stehen, 5fter 
indessen schien es, als ob sie auch Nerven&ste zu den Hoden und 
vielleicht auch den Ovarien eutspringen lieJJen. Wie Fig. 9, n 
zeigt, scheinen sie bisweilen init den vor ihnen iiegenden Haupt- 
nerven zu anastomosieren. — Die feiuere Verzweigung eines solcben ^ 
kleinen Nerven findet sich in Fig. 10 dargestellt. — Schon bei I 
seinem Ursprung erscheint der Nerv in einen oberen (2) und einen 
unteren (1) Hauptast geteilt, aufier welchem er jedoch noch einige 
sehr zarte, zur Bauchrouskulatur gehende Zweige (3) entsendet. 
— Der weitere Verlauf der Haupt&ste ist ohne Schwierigkeit auB 
Fig. 10 erkenubar. — Die Mehrzahl der kleinen Nerven zeigt diesen 
typischen Verlauf, nur diejenigen des ersten und letzten kleinen 
Nervenpaares machen Ausnahmen. Das erste kleine Nervenpaar 
verlftuft nach vorn (Fig. 1, n *) und steht durch viele zarte Ver- 
sistelungen mit dem Epithel des vorderen Kdrperrandes in Verbindung, 
auch ist zu bemerken, daB dasselbe Aste zu den sonderbaren sub- 
ektodermalen Testes sendet. — Das letzte Nervenpaar (Fig. l,n®) 
lauft den Magen und die Kloake entlang und verbreitet sich in 
dem hinteren Teile des Korpers; leider habe ich den genauen 
Verlauf dieser Nerven keiner eingehenderen Priifung unterzogen. — 

Die Entwickelung des Nervensytems der Myzostomen 
ist nur sehr unvollkommen bekannt. Beard hat zwar ein Larven- 
nervensystem beschrieben, welches sich in der Scheitelplatte ont- 
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wickeln, spftter aber yerschwinden soil, w&hrend sich fOr das er- 
wacbseDe Myzoetoma ein neaea Nenrensystein auf der Bauchseite 
entwickelt Da nun auch Bbasd, wie oben erw&hnt worde, keinen 
Schlundring beobachtet hat, soBcheinen seine Angaben einer Richtig- 
stellong insofem za beddrfen, als das vod ihm gesehene Ijaryen- 
nervensTStem der ersten Anlage des Gehirns and Schlandringea 
(vielleicbt aach des BflsselDeryeDsystems) gleich zu achten ist, 
welch letzteres sich sp&ter mit dem Bauchstraoge in Verbindang 
setzt. — Die Entwicklang des Nervensystems der Myzostomen 
wtlrde demnach ebenso wie gew5hnlich bei den Anneliden ver- 
laufen. — 

Abnormit&ten und UnregelmftSigkeiten im Bau des 
Nervensystems kommen 5fter Tor, dne besonders aulBfallende liefi 
sich bei M. Graffi konstatieren. Bei einzelnen Indiyiduen dieser 
Art n&mlich war der Bauchstrang yerschwindend klein und unge- 
mein flach, so dafi es nicht geringer MOhe bedurfte, am ihn tlber^ 
haapt aafzufinden, und dafi die Nervenelemente selbst mit den 
st&rksten VergrGiierungen kaum zu sehen waren^). Welcher Art 
die Ursachen dieser Unregelmftfiigkeit sind, ob siein einer Resorption 
im sp&teren Alter oder in frQhzeitigen Entwicklungsstdrungen zo 
suchen sind, ist leider nicht zu sagen; nur soil festgestellt 
werden, dafi dirartige Abnormit&ten nur bei erwachsenen Indi- 
yiduen gefunden wurden, deren yegetatiye Organe gew5hnlich sehr 
gut entwickelt waren, deren Magen namentlich sich durch eine un- 
gewdhnliche Dicke auszeichnete. Im abrigen zeigt der Edrj^er 
normale Verhftltnisse; das Bindegewebe and die Muskulatur der 
Bauchseite schien wenig entwickelt. Eine Asymmetrie des Neryen- 
systems wurde oft am Schlundring (and im Gehim) beobachtet. — 

Histologle des Neryensystems. 

Bindegewebe. Die Hiillen des Nervensystems sind zweierlei Art. 
Es findet sich eine ftu£ere, derbere Scheide, welche ich das ftufiere 
Neurilemm oder im Bauchstrang Perineurium*) nennen 
will, und eine innere Geftlge- oder Stdtzsubstanz , welche ich als 
inneres Neurilemm bezeichnen werde. — 



1) Vergl. au8£ Arbeit pag. 86 and 75; Taf 11, Fig. 7. 

2) Ebibgib hat diese Bezeiohnung benutzt in seiner Arbeit : 
,,0ber das Centralnervensystem des Flufikrebses.^' Zeitsohrift t wise. 
ZooL 38. Bd., 1880, pag. 642. — 
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Das Perineurinm des* Banchstranges erscheint als eine 
starice, katikolare Membran, die auf QuerBchnitten durch ihre 
diinkele F&rbuDg und die scharfeo Kontureo, Damentlich des inneren 
Baodes, stark in die Augen ftUt Diese Membran besteht aus 
einer gewdbnlich homogeneD Substanz, in welcber selbst keine 
Kerne zn finden sind, w&hrend dicht an ihrer ftuBeren Seite Binde- ^ 

gewebskeme angetroffen werden (Fig. 8, E), so dafi es oft scheint, jfl 

als bestehe ein allm&blicher Obergang von der Membran in das ^ 

Bindegewebe. IMeser Bdund wie die immer scharf sich abbebende tf 

Grenze der Innenseite der Membran lassen daraaf schliefien, dafi 
diese Membran als eine Absondemng oder Bildung 
Ton Zellen des aufien belegenen Bindegewebes and 
nichtTon der inneren Sttltzsabstanz ber entsteht, wie Vional f^r 
„die dritte Scbdde^* (la troisidme gaine) bei Lumbricos, welche 
dem Perineurium der Myzostomen teilweise annalog scbeint'), be* 
bauptet. — Die Membran ist gewOhnlicb am dicksten auf der dor- 
salen Seite und zeigt dort auch Ofter, namentlich bei M. Graffi 
eine eigentflmliche Struktur, insofem als sie, wie ich frfiber ge- 
zeigt babe*), in ihrem &uSem Teil aus Feldem besteht, welche 
sich mit Karmin abwechselnd dunkler und heller fib-ben. — Von 
dieser auSern Membran gehen nnvollst&ndige Septa (Fig. 8, s) in 
die Masse des Bauchstranges hinein , bilden auf diese Weise ver- 
schiedene Segmente and trennen die einzelnen Gruppen von Qang- 
lienzellen. iLhnliche Septen finden sich bei Hirudineen, Erustazeen 
und anderen Tieren , — auch Yiqnal beschrdbt dieselben bei Lum- 
bricos als Yon J& troisi^me gatne^^ entspringend. — 



Die StUtzsubstanz oder das innere Neurilemm. 

Der Baam zwischen dem Perinenrium and den Nenrenele- 
menten (Ganglienzellen, fibrilUren L&ngs- and Querkommisuren, 
intermedkrem Nery) ist von einem retikulftren, zum Teil 
geschichteten Bindegewebe erf&Dt, welches ich als ^inne- 
res Nearilemm** bezeichnen werde. Zwar ist das, was frflhere 



1) YienAX^ ,3eclL hiBl s. L centrM nerveux da quelqoM inver- 
t^r^''. Arch. zooL exp. S^r. 2. Tom. I 1883. 

2) GL4PijdDE in leinan ,,Unt6nadiongon ftber den Begenwunn'' 
(Zeitschr. t wiis. ZooL 1869) leiiet im Oegeniatz zu Viohal diete 
Scheide von den anSen liegenden Schichten, in welchen die Hutkeln 
liegen, her. • — 

8) 1. c pag. 27; Tat IX, Fig. 2 and 2a. 
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Autoren inneres Nenrileinm genannt haben, nur ein Teil dessen 
was ich darunter verstehe, doch habe ich der Einfachheit halber 
den Namen fOr das Ganze adoptirt. — Das innere Neurilemtn kann 
sehr verschieden stark entwickelt sein, besoTiders wichtig erscheint 
es bei M. Graffi ^). Das innere Neurilemm dient, wie gesagt, als 
StUtzsubstanz, indem es aJle Zwischenraume zwischen den Nerven- 
elementen ausfilllt und kann in vieler Beziehung mit der Neuroglia 
der Wirbeltiere verglichcn werden. In dem retikularen Gewcbe 
finden sich zahlreiche Kerne eingestreut *), welche an 6r5Be und 
Ansehn den Bindegewebskernen dcs K5rperparenchyms sehr fthn* 
lich sind. Zwar glaubte ich zwei Arten von Kernen unterscheideu 
zu k5nnen, gr5fiere, welche sich schwftcher farbten, und kleinere, 
welche sehr stark Farbe aufnahmen ^); jedoch scheint dieser Un- 
terschied kein ganz feststehender zu sein. — Die Kerne sind stets 
in den Fibern des Gewebes oder in den Knotenpunkten, wie in der 
Mitte der Maschen gelegen und treten bcsonders zwischen den 
Ganglienzellen , oft rings urn denselben auf ^). — Das innere 
Neurilemm versieht die Ganglienzellen und zum 
Teil auch deren Fortsatze mit Bindegewebskapseln 
Oder Hflllen, welche verh&ltnismftfiig stark sind und bei An- 
wendung besonderer Farbemethoden (besonders mit Osmiumsaure 
und H&matoxylin) sehr deutlich hervortreten. — Diese Kapsein mit 
ihren Yerzweigungen sind es auch, welche, wie ich glaube, oft zar 
Beschreibung multipolarer Ganglienzellen Veranlassung gegeben 
haben. — Mit ahnlichen Htlllen oder Membranen sind 
auch die fibrillaren St&mme (^L&ngs-undQuerkommissaren, 
intermediftrer Nerv u. s. w.) verse hen. — Diese Membran der 
fibrillaren Stftmme wird also identisch sein mit der „innern Kapsel", 
welche Hermann *) bei Hirudo beschrieben hat, nur ist zu betonen, 
dafi ich dieselbe als einen Teil meines inneren Neurilemms be- 
trachte. — Von dieser Membran gehen auch zuweilen freie Sept^ 
in das Innere der fibrill&ren L^ngskommissuren hinein, namentlich 
sind dieselben dort deutlich zu konstatieren, wo grdSere periph^^ 
Nerven entspringen^) oder wo stftrkere Btlndel von Ganglienzell* 

1) Nansbn, 1. 0. Taf. V, Fig. 10. 

2) HAHSBif, 1. c. Taf, y,Fig. 8, 9, 11, 12, 16, B, auch Fig. 4—7; 
Taf. IX, Fig. 4, 6. 

3) NAW81W, 1. 0. Taf. V, Fig. 11, B' u. B und Fig. 12. — 

4) 1. 0. Taf. IX; Fig. 8 a'. - 

5) Ebbhank, „Da8 CentralnervensyBtem von Hirudo medicinalis''. 
MtLnohen 1875. pag. 28. 

6) Nansbn, 1. c. Ta£ V, Fig. 16, g; pag. 28. 
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forts&tzen hineintreten. — In diesen Scheidewftnden sind gewdhn- 
lich dnige, wenn auch nur wenige Bindegewebskerne belegeD, und 
somit erkl&rt es sich, daB solche Kerne auch 5fter scheinbar in 
der fibrill&ren Masse gefunden werden. — 

Da die sogenannte ^Bindegewebssubstanz^^ im Bauchstrang der 
Oligoch&ten ganz dasselbe Gebilde wie mein inneres Neurilemm 
zu sein scbeint, so dtlrfle es vielleicht nicht ohne Interesse sein, 
hier an einige Bemerkungen Yejdoyskt'sO 2u erinnern. — Nacb 
ihm wird das ,,iDnere Nearilemin^' einzig und allein von den ner- 
vosen Elementen abgesondert, doch sagt Vejdoyskt nicbts Be- jj 

Btimmtes daiilber, wie er sich diese Entstehung denkt. — Er i* 

&ufiert skh nur dahin , dafi „da8 Maschenwerk der Bindesubstanz I 

zwischen den Ganglienzellen keinesfalls aus dem ,^eurilemm^' ^) 
abstammt, soodern aus den ursprOnglichen Ganglienzellmembranen , 

entstebt'S — Wie aber die Entstehung dieser Membranen zu denken » 

ist, und wie man sich dgentlich die Entstehung des erwfthnten ^ 

,^eurileinm8'' vorzustellen bat, wird nicht err5rtert. Werden ^ 

vieUeicht, seiner Auffassung nacb, die Zellmembranen von dem I 

Protoplasma der Ganglienzellen abgesondert, entstebt dann die ^ 

Bindesubstanz durch Absonderung aus diesen Membranen, und 
wlrd endlich das sogenannte „innere Neurilemm^^ wieder durch 
Absonderung aus dieser Substanz gebildet? Dann allerdiugs muS 
ich seine Aufifassung durchaus bestreiten, zumal mir seine GrUnde 
nur wenig tiberzeugend scheinen. — Ich fasse das von mir beschrie- 
bene „innere Neurilemm'^ als ein besonderes Gewebe auf, welches 
von besonderen bindegewebsahnlichen Zellen gebildet wird , deren 
Kerne zahlreich im Bauchstrang vorkommen, sowohl zwischen den 
Ganglienzellen, wie auch in der „Punktsubstanz*', jedoeh in letzterer 
nur sparsaro. — Yon diesen Zellen werden die Kapsein der Gang- 
lienzellen wie auch die Membranen der fibrill&ren Kommissurst&mme 
gebildet — SoIIte indessen Vejooysky meinen, dalt die Statz- 
substanz denselben Ursprung wie die Ganglienzellen hatte, dafi 
also beide ektodermale Gebilde w&ren, dann allerdings wtlrde ich 
sehr geneigt sein, mich seiner Ansicht anzuschliefien, obgleich ich 
noch nicht wage, eine bestimmte Behauptung darUber zu formu- 
lieren. — Zwar babe ich bei den Myzostomen, wie Vejdovsky bci 

1) ViHmovfiiET: „8yBtein und Morphologie der Oligochaten.** 
Prag, 1884. 

2) ^Neurilemm" hier ist also nicht identisch mit dem, was ich 
yyinneres Neurilemm" Denne, dagegen ist es dem oben beschriebenen 
Perineuiium entsprechend. 
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den OligochateD, gefunden, da6 diese VerhftltniBae anch bd den 
lodividuen deraelben Art manDigfachen VeriuideruDgen unterliegen, 
doch dUrfte dies kaum auffallend erscheinen, wenn wir uns erinDem, 
daS auch die EntwickluDg des ganzen N.eryensystems bei ver- 
scbiedeoen Individuen^) stark abweichend sein kann uod Ver- 
b&ltnisse zeigt, welche von dem Alter des Tieres nicfat tmabhangig 
sind. — Ich glaube, dafi die, bier geschilderten Verbaitnisse mehr 
allgemeiner Natar und bei yielen Tiergrappen wiederziifioden 
sind , wenn auch mebr oder minder kompliziert oder differenziert. 
Wenn man die Literatur durchmustert, mofi es gewifi aof- 
fallen, welcbe Verwirrung bis jetzt in der Beschreibung der yer- 
schiedenen 8chicbten der Keurilemmscheide berrschte, da nar venige 
Autoren beztlglich der Darstellung derselben ttbereinstimmen. — 
Im ganzen genommen, kann man sagen, daS die Nearilemmscheide 
der Myzostomen mit der bei den Anneliden (vielleicht den Ver- 
mes) und Artbropoden gew5hnlich beschriebenen iibereioBtimmt. — 
Das Neurilemm und die Sttitzsnbstanz der Krustazeen, von 
YuKG *), KfiiBGBB und ViQNAL ') eingebend studiert, sind denjenigen 
der Myzostomen ziemlich &hnlich, nur muii ich hervorhebea, dafi 
mir, trotz Letdig's^) und Viqnal's bestimmter Behauptung be- 
zUglich der Krustazeen, doch bei den Myzostomen die ftufiere derbe 
Scheide von dem aufien gelegenen Bindegewebe abzustammen 
scheint — Bei den Pyknogoniden ist zwar dies Verhalten noch nicht 
eingehender untersucht worden, immerhin aber scheint es nach den 
Beschreibungen Dohen's^) und Hobck's^) wabracheinlich , da£ 
dasselbe doppelte Neurilemm auch bier yorbanden ist — Das 
Neurilemm der Arachniden ist von ScHiMEEvnTSCH ^) beschrieben 
worden, und soweit ich seine Beschreibung verstanden babe, scheinen 
auch bei ihnen &hnliche Verfa&ltnisse vorzuliegen. — Bei Peripatus hat 
schon Balfoub^) ein doppeltes Neurilemm beobachtet — Trotz 

1) Siehe oben: yyUnregelmSBigkeiten im Ban d. Nervensystems'^ 

2) Yuhg: „Bech. a. 1. structure eot. da syet^me nerveux central 
ohez lea GroBtao^a decapodea". Arch. Zool. ezpexim. T. VIL 1878. 
pag. 427. 

3) 1. 0. pag. 314. 

4) Lbtbig: ,,Haiidbuch der yergleichendeii Histologie.^' 

5) DoBxs: yyIHe Pantopoden dea Golfea Yon Neapel''. Fauna 
und Flora d. Golf. t. Neapel. III. Monogr. 1881. 

6) Hoege: Zoolog. Chaileng. Exped. Part DI. 

7) SoHnoDBwnsoH: „Anatomie da V Epeire.'' Ann. So. nai T. 
XVIL 1884. 

8) Balfoub: ,,The anat a. developm. ofPeripatua oapenaia". Quart. 
Joum. Micr. Sc. Yol. XXHI. 1883. 
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1) Yergl. LsTDiG, Hssicamn, HoTFMAirar (Nat. Verb, der HoU. Maatsoh. 
d. Yetensoh. 8. D. lY. 1. Stiiok. 1880), Yiokai. und Rbmt Saimt-Loitp 
(Ann. So. nai T. XYUI. 1884) u. a, 

2) 1. 0. pag. 337. 

3) Siehe spSter. 
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der yerschiedenen DarstelluDg des NeurilemmB der Hirudineen ^) 

scheint doch aucb bier dieselbe Duplizitat vorbandeD zu sein, wie 

sie bei vielen wabren Cb&topoden festgesteUt worden ist. — Dafi 

auch die Mollusken ein &bnlicbes Verhalten zeigen, glaube ich aus j 

den BeachreibuDgen Yional's ^) und Bbla Hallbb's *) schliefien 

zu kdnnen. Yigmal beacbreibt Bindegewebszellen zwischen den %^ 

GanglieDzellen und 8pricbt in den Worten: „Je pense que ces tk 

cellules Bont une forme simplifi^e des cellules araign^es des centres j 

nerveuz des mammif^res /' seine Auffassung dabin aus, dafi diese f 

Gebilde den Neuroglia-Zellen der Wirbeltiere gleichzusetzen seien. — 

HaUiKB hat deutlich gezeigt, dafi die Oanglienzellen yon dem 

Neurilemm yersehen werden. 

Die peripheren Neryen haben dasselbe doppelte Neuri- 
lemm wie der Baucbstrang. Das aufiere Neurilemm, der 
,,prim&ren Scheide*' Hermann's entsprechend , ist eine direkte '! 

Fortsetzung des Perineuriums des Baucbstranges und umhiillt die I 

Neryen als eine yerbaltnismaSig starke Membran (Fig. 14 und 15), 
auf deren AuSerer Seite, namentlich in den feineren Neryenftsten, 
oft Starke Anh&ufungen yon Bindegewebskernen zu bemerken sind. 
— Das innere Neurilemm, Hebhann's „sekand&re Scheide'S 
erscheint als eine direkte Fortsetzung des inneren Neurilemms des 
Baucbstranges; es dringt in das Innere der Neryen ein und tragt 
dazu bei, denselben den yon Hebhann bei Hirudo bescbriebenen ge- 
facherten Baa zu geben, der auch bei beinahe alien Eyertebraten yorzu- 
liegen scheint — Das innere Neurilemm bildet bald st&rkere, bald 
schwachere Septen, welche sich im Neryeninnem derart yerzweigen, 
dafi es mir in Wirklichkeit nicht gelang, zu konstatieren , wo die 
Verzweigungen dieses Neurilemms enden und wo die eigendiche 
Neryenstfitzsubstanz, das Spongioplasma, beginnt. — Ich neige der 
schon yon Hebmann, Yignal u. a. ausgesprochenen Ansicht zu, 
dafi eine jede Neryenfaser yon feinen Neurilemmscheidew&nden um- 
geben wird (siehe sp&ter). — 

Die Ganglienmassen des Gehirns haben, wie schon 
angefQhrt worde, keine besonderen Scheidewande. Die einzelnen 
Oanglienzellen liegen im Bindegewebe des Kdrperparenchyms ein- 
gebettet und sind mit einer besonderen Bindegewebsmembran yer- 
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sehen. Im vorderen Msselende bei M. Oraffi wurde beobachtet, 
dafi die hier lagernden Ganglienzellcn sehr oft in einer Vakaole 
belegen waren und jede mit einer Bindege^i^bskapsei yerseben 
war ^). Diese direkte Einbettung der Ganglienzellen des Gehirns 
in das Korperparenchym ist es, welche mich bezQglich des Ursprungs 
der Bindesubstanz des Nervensystems stutzig macbt. — Gehirn 
und Schlundring sind ziemlich hoch differenziert und weit vom 
Ektoderm entfernt Kann man nun annehmen, dali die Binde- 
substanz durch Degeneration verloren gegangen ist ? Oder war sie 
nie vorhanden ? Oder kann man bieraus schliefien, daii Gehirn und 
Schlundring aus dem Bindegewebe des KOrperparencbyms und nicht 
aus dem Ektoderm entstehen ? Fragen, auf welche eine befriedigende 
Antwort zu geben jezt kaum m5glich ist. 

GangUenzellen. 

Im Bauchstrang zeigcn die Ganglienzellen eine sebr yerschiedene 
Gr5fie, und es findeu sich, wie ieb in meiner Arbeit ausfQhrlich 
gezeigt babe*), neben sehr kleinen Zellen auch einige aufhllend 
groBe. Auch von Wagner hat dies beobachtet und teilt die 
Ganglienzellen je nacb ihrer Gr56e in zwei Gruppen ein: „in 
groBe und kleine'* »), zwischen denen sich jedoch nach meiner Er- 
fahrung hllufig Cbergangsformen finden. — Wenn dann yoN Wagner 
welter sagt, daB er „die ersteren stets auf die yentrale Fl^he der 
Bauchganglienmasse beschrankt^' fand, so kann ich ihm darin nicht 
ganz beistimmen, wenigstens babe ich bei den yon mir untersuchten 
Arten groBe Ganglienzellen sowohl yentral wie dorsal in dem 
mittleren Langsraum zwischen den beiden L&ngskommissuren ge- 
funden. Bei M. giganteum und M. gigas war, wie schon erw&hnt 
wurde, ein Paar sehr groBer Zellen sogar regelmaBIg in dem Kaurae 
zwischen den gr5Beren Querkommissuren vorhanden (Fig. 1, g z/') *), 
wfthrend auch auf der yentralen Seite groBe Zellen auftreten (Fig. 8, d,). 
— Zwar ist bei M. Graffi die Anordnung der groBen Zellen minder regel- 
mafiig, doch sind sie auch hier zum Teil dorsal gelegen *). — y. 
Wagner fand fttr eine seiner groBen Zellen „eine L&nge yon 

1) Nansen, loc. oit pag. 29, Tab. IV, Fig. 6 u. 7. 

2) loc. oit. pag. 30. 

3) loo. oit pag. 45. 

4) loc. cit. Tab. V, Fig. II. — Tab. IX, Fig. 8, c» 
Fig. 6, C. 

6) loc cit. Tab. V, Fig. 10. 
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0,03 mm bei einer Breite von 0,019 mm, wfthrend eine andere 0,01 9 mm '' 

in der Lange und 0,01 6 mm in der Breite roafi'S — Da einige der von mir ^ 

UDtcrsuchten Myzostomenarten viel grOBer sind als diejenigen, wel- 
che v. Wagner za Gebote standen, so tvar zu erwartcn, dafi anch die 
Gr6Be ibrer Ganglienzellen eine bedeutendere w^ire ; und in der That 
i&t dies der Fall. Wie ich frtlher angogeben babe, beobachtete ich ^ 

Zellen von 0,039 mm Breite uod mit cinem Kern, welcber 0,018 mm | 

im Durchscbnitt mafi (Eernkdrperchen 0,005 mm). Die kleineu 
Ganglienzellen des Bauchstranges sind von sehr verschiedener '^ 

Grdfie; so fanden sich bei M. giganteum Zellen von nnr 0,004 — 
0,005 mm Breite, mit Eeraen von demselben Durchmesaer, wdhrend i 

sie doch gew5hnlich grofier sind und eine Breite von 0,012— • 

0,015 mm mit einem Eem von 0,008-^0,011 mm Durchscbnitt 
besitzen. — Die Eerne variieren minder in der Gr5fie als die Gang- 
lienzellen selbst So fanden sich Zellen, welche 0,03 mm breit 
waren und einen Eem von 0,009 mm besaSen, w&hrend andere 
bei einer Breite von 0,014 mm Eerne von ungef&hr demselben 
Durchmesser (also bis 0,014 mm) zeigten. — Kleine Zellen des- 
selben Bauchstranges batten eine Breite vou 0,008 mm und Eerne 
von gleichem Durchscbnitt. In den kleinen Zellen erfflUen die Kerne 
gewdhnlich ganz das dem Ausl&ufer entgcgengesetzte dickere Ende. 
— Die Ganglienzellen des Schlundringes und des Gehimes sind 
mehr gleichartiger Gr5fie; bei M. giganteum z. B. waren sie im 
Durcbschnitt 0,017 mm breit und besaSeu Eerne von 0,006 mm 
Durchschnitt. 

Membran der Ganglienzellen. v. Wagner scheint der 
Ansicht zu sein, dafi den Ganglienzellen jegliche HQllen fehlen, 
ivenigstens sagt er beztiglicb der grofien Zellen : „Eine Zellmembran 
feblt, ebenso eino umfaQllende Bindegewebskapsel/' und spricht da- 
mit eine Anschauung aus, welcber ich uicht beipflichten kann. — 
Vielleicht feblt eine eigentliche Zellmembran (?), eine Bindege- 
webskapsel dagegen ist vorhanden , da sowohl grofie wie kleine 
Zellen von dem inneren Neurilemm oder der Sttitzsubstanz mit 
einer solchen versehen werden. — 

Struktur der Ganglienzellen. — Das Zellplasma 
hat eine feine, spongi5se oder fibrillare Struktur. Auf Querschnitten 
zeigt es all^dings ein feinmaschiges Aussehen, welches von der 
Zellsttitzsubstanz (Spongioplasma)^), herrtlhrt. Diese Stutzsub- 
stanz bildet aber meiner Meinung nach nicbt ein spoDgi5ses Geriistwerk, 



1) LvTDxe: ,;Zell6 und Gewebe.'' Bonn 1885, pag. 165. 
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; zwischeD dessen Mafichen sich das weiche Hyaloplasma, — 

' die NerveDBubstanz im eigentlicheD Sinne — diffus aosbreitet, 

wie Letdio meint, sondern scheint mir mehr oder minder voll- 
. kommene Rtthren zu bilden, darcb weiche das Hyaloplasma 

} zum Teil in Str&nge isoliert wird. Namentlich scheint dies 

der Fall zu sein in dem Ausl&ufer, welcher aaf L&ogaschnit^ 
^ ' ten eine, wenn auch sehr schwache, so doch deutiiche L&ngs* 

1 ' streifdng erkennen l&fiL — In der Zelle selbst ist eine Kon- 

vergenz der Fibrillen gegen die Auslftnfer hin leicht zu kon- 

Hstatieren, jedoch ist das wahre Verb&ltnis sehr schwer klarzustellen. 
— Das Zellplasma zeigt zwar auf Querschnitten ein ganz spon- 
gi^yses Aussehen, allein in einer durch MazerationsfiOssigkeiten iso- 
lierten Ganglienzelle erscheint dasselbe mehr fibrillftrer Natur. Eine 
definitive Behauptung will ich bei dieser Gel^enheit liber diesen 
Punkt nicht anfstellen, sondern behalte mir vor, sp&ter nach um- 
fassenderen und eingehenderen Untersuchungen darauf zurttckza- 
kommen ; nur so yiel will ich noch darfiber bemerken, dafi die deut- 

2 liche Konvergenz der Fibrillen gegen die Austrittsstelle dee Aus- 
I l&ufers hin auch fQr eine mehr fibrillftre und minder diffus-spon- 
I ' gi58e Struktur des Hyaloplasmas zu sprechen scheint ^). y. Wagner 
' sagt, „daB Zellplasma ist vorwiegend ilufierst feink5rnig, oft indessen 

auch homogen'*, welchen Unterschied ich an mehreren Ganglienzellen 
nicht gefunden habe. — Die Kerne, weiche bezQglich ihrer GrSfie, 
wie oben gesagt wurde, nicht so stark wie die Zellen variieren, 
zeigen gewdhnlich eine ganz deutiiche, k5rnige Ghromatinstruktur 
und besitzen ein, zuweilen auch mehrere KernkOrperchen. — In 
einigen F&Ilen habe ich eine direkte Kernteilung beobachtet 
(Fig. 13), da der Kern sich, wie es scheint, nur durch eine Ver* 
l&ngerung und Abschnflrung teilt Dieser Kernteilung folgt wahr- 
scheinlich auch eine Zellteilung, wenigstens glaube ich eine Tendenz 
dazu 5fter bemerkt zu haben. — Die Kern- und Zellteilung im 
Nervensystem tlberhaupt und in demjenigen niederer Tiere besonders 
ist ja nur wenig bekannt ; immerhin erscheint es nicht nnmdglich, 



I*; 1) Eb mufi hier bemerkt werden, daS die Besohreibung der 

Struktur dee GaaglienzeUprotoplasmas in meiner friiheren Arbeit in- 
sofem angefochten werden konnte, ale sie sich zum Teil auf die grofieu 
Zellen in den FuB- oder Farapodiendrtisen bei M. Graffi stiitzt — 
Jedoch stimmen, was das yorliegende Problem betrifit, diese Zellen 
^ so Yollst&adig mit den Ganglienzellen Uberein, dafi an der Be- 

schreibung niohts WesentUohes gettndert zu werden brauoht. -* 
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dafi ein derartiger Teilmodus B^el ist, wenigBtens bei Diederen 
Tieren. 



Form der Ganglienzellen. 

Von Wagnek sagt, dafi die gro£en GaDglienzellen stets 
multipolar und auch die kleiuen h&ufig multipolar sind. Das 
stimmt nicht mit meinen Beobachtungen tiberein , da icb, auf sie 
gestQtzt, als gew5bDlicbe Form und als Grundform die unipolare 
Zelle hinstellen muB. — Namentlich babe icb, soweit meine Un- 
tersuchuDgeo gehen, die grofien Zellen ausgepragt unipolar ge- 
funden. — Unter den kleinen Zellen wurden mit Sicberbeit multi- 
polare Formen konstatiert. — Vorwiegend fanden sicb dieselben in dem 
hinteren Teile des Gebirns, welcber meiner Ansicbt nacb dem so- 
genannten „87mpatbiscben^^ Teil des Gebirnes vieler Anneliden 
gleicbzustellen ist, w&brend im Baucbstrang nur wenige Zellen mit 
Sicberbeit als multipolar nacbgewiesen werden konnten. — 
Trotz dieser meiner ziemlicb negativen Resultate bezQglicb der multi- 
polaren Ganglienzellen ^) m5cbte icb doch die so bestimmt ge- 
macbte Angabe v. Wagner*s nicbt geradezu verneinen. Vielleicht 
lafit sicb dieselbe erkl&ren, wenn man bedenkt, dafi die von 
mir beschriebenen Bindegewebskapseln mit ibren Verzweigungen 
and anastomosierenden Scbeidewfinden leicbt den Zellen ein multi- 
polares Ausseben geben k5nnen (Fig. 13) , und wenn man sicb er- 
innert, dafi yon Wagneb diese Bindegewebskapseln nicbt geseben 
hat Wie die Antwort auf diese Frage aucb ausfallen mag, so 
mufi icb docb annebmen, dafi jede Ganglienzelle, ob unipolar oder 
multipolar, nur einen, wirklicb neryOsen AusUufer be- 
sitzt. Haben die Ganglienzellen mebrere Ausl&ufer, so sind die- 
selben bei Wirbellosen wie bei Wirbeltieren als sogenannte proto- 
plasmatische Auslaufer aufzufassen, deren Funktion meiner 
Ansicbt nacb darin bestebt, fQr eine bessere Ern&brung der Zelle 
Sorge zu tragen. — Da nun die Mebrzabl der Ganglienzellen in 
der Sttltzsubstanz aufierbalb der fibrilllU'en Masse der Kommissuren 
(Leyjdig's Punktsubstanz) gelegen ist und stets von Nabrungs- 
flOssigkeit umsptilt werden kann, so finden sicb bier gew5bnlicb 
unipolare Zellen, w&brend die wenigen in der fibrill&ren Substanz 



•■ 



1) Auob Bbabd bat multipolare Ganglienzellen beBobrieben, 
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gel^enen Zellen dagegen stets multipolar sind ^). Wenn man die 
Frage aufwirft, wie ich diese meine AuffassuDg der Ganglienzelleii 
stQtzcn kann, und warum ich verneine, dafi die protoplasmatischen 
Ausliiufer die Korrcspondeuz zwischen den eiDzelnen Zelleu ver- 
mitteln, so lautet meine Antwort folgendermafien. £rsteDS habe 
ich mich nie von der Vcrbindung zweier Ganglienzellen darch ihre 
AuslAufer tiberzeugen kdnnen; sollte dies aber dennoch der Fall 
sein, so mufi ich in erster Linie die Gegenfrage aufwerfen, wie 
dann eine Eorrespondenz zwischen den unipolarec 
Zellen zustande kommt, und wie es ferner zu erkl&ren ist, dafi 
das Vorkommen der multipolaren Zellen ein vcrschiedenes ist; denn 
bisweilen treten sie in einzelnen Tiergruppen, Gattungen oder 
Arten ungemein zahlrelch auf, wfthrend sie bei nahe verwandteo 
Tieren in verschwindend kleiner Zahl vorhanden sind '). L&St dieses 
Verhalten auf eine so wichtige Fuuktion der protoplasmatisch^ 
Auslaufer schliefien, und kann man annehmen, dafi eine solche Ver- 
bindung so ganz nach Belieben abgebrochen werden kann? Oder 
gicbt dieses Verhalten nicht vielmehr eine gute Stutze ab fur 
meine Au£fa£sung? Wie bekannt, hat Goloi') in Pavia schon 
langst dieselbe Auffassung fQr das Nervensystem der Saugetiere 
ausgesprochen. Meine eigenen Untersuchungen (Iber das Nerven- 
system niederer Wirbeltiere, besonders der Myxine, haben mich zu 
gleichcn, bemerklichen Result aten gefiihrt, welche ich demnachst 
in einer besonderen Arbeit, von Bergen^s Museum herausgegeben, 
zu ver5ffentlichen gedeuke. Meine Pr&parate, welche durch be- 
sondere Farbemethoden (Golgi's Ghrom-Silbermethode) diese Se- 
sultate so klar demonstrierten, dafi sie meiner Meinung nach keinen 
Zweifel aufkommen lassen, zeigeu, dafi von einer Korrespoodeoz 
der Ganglienzellen durch die protoplasmatischen Auslaufer bei den 
untersucliten, und allem Anscheine nach dann auch bei alien Wirbel- 



1) Ein ahnliohes Yerhalten ceigt sich auch im Gehim der As- 
zidien, wie ioh feststeUeD konnte. (Ann. a. Mag. of Nat. Hist. YoL 
XYIII. pag. 215. 1881, und ,fiergenB Museums Aarsberetniog fiir 
1885. pag. 62 und 63). 

2) Ihre Anzahl kaon sogar bei Individuen derselben Art sehr 
verschieden sein. Yon Interesse sind hier einige Aufierungen Yej- 
dotskt's (1. 0. pag. 89) bei der Besprechung von Dendrobaena rubicalft: 
„Bei einzelnen Individuen dieser Art kommen zwax die unipolaren 
Ganglienzellen namentlich in den hinteren E5rpersegmenten in der 
groBten Anzahl Yor ; dagegen findet man andere Exemplare yon Den- 
drobaena, wo die Ganglienzellen nur multipolar sind. 

3) GoLoi*B Arbciten siehe Anfang. 
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tieren keine Rede sein kann. Diese Thatsachen mit dem oben 6e- I 

sagten im Verein diirften wohl genUgen, meine BehauptuDg, daS ein H 

abnliches Verhalten sicb aucb bei den Wirbeliosen finde, zu be- 
grUndeo. Die Frage, wie daun die Yerbindung zwiscben 
den Gangiienzellen hergestellt wird, werde icb spater 
beantworten. Vorher diirfte es sicb empfehleD, den Verlauf der 4 

wirklicb nervosen Auslaufer oder, wie ieb aie der KUrze halber I 

nennen werde : der Nervenausiaufer, zu verfolgen, nachdem sie die 
Zellen verlassen haben. — Die Nervenauslaufer lassen sicb in zwei H 

verschiedene Gruppen einordnen. Diejenigen der einen Gruppe 
durchlaufen die fibrillare Masse des Zentralnervensystems und ^ 

treten in einen peripberen Nerven ein, dort jeder eine Nervenfaser, ' 

Oder besser einen Nervenzy Under bildend (Fig. 12). Diejenigen der 
anderen Gruppe losen sicb, anstatt die fibrillare Masse zu durcb- 
setzen, in ihr durcb Verzweigung in zablreiche Fibrillen auf und 
tragen zur Bildung des spater zu beschreibenden Fibrillenge- 
flechts bei (Fig. 11). — Je nachdem die Nervenauslaufer der 
ersten oder zweiten Gruppe angehoren^ lassen sicb zwei Typen 
von Gangiienzellen uuterscheiden : erstens solche, deren Aus- 
laufer direkt peripbere Nervenzylinder bilden, und denen icb den 
Namen zy linderbildende Gangiienzellen oder mo- 
toriscbe Gangiienzellen beilegen mocbte (warum icb den 
letzteren Namen wablte, werde icb spater begriinden); zweitens solche 
Gangiienzellen, deren Auslaufer sicb in dem zentralen Fibrillen- 
geflecht auflosen, und welcbe icb geflecbtsbildende oder 
sensitive Gangiienzellen nennen werde. Die motorischen 
Gangiienzellen liegen vorwiegend dorsal (Fig. 8, a, b, c, f ), die sensitiven 
dagegen vorzugsweise ventral (Fig. 8, e, z^, d, z*). Wie kommt 
nun zwiscben diesen Zellen die Korrespondenz zustande? Fiir 
die geflecbtsbildenden Zellen untereinander lafit sicb eine Yerbindung 
leicht denken, denn sie sind durcb das Fibrillengeliecht innig ver- 
bunden, anders aber stebt es mit den zylinderbildeuden Zellen. 
Wie icb nun bemerkt zu haben glaube, geben die Nervenauslaufer 
dieser Zellen auf ibrem Weg durcb die fibrill&re Zentralmasse 
feine Seitenaste ab. An jeder Stelle, wo ein solcber Ast abgegeben 
wird, zeigt der Nervenauslaufer eine kleine seitlicbe Auftreibung, 
wie sie in Fig. 27 dargestellt ist. Durcb diese Seiten&ste wttrden 
also auch die zylinderbildenden Zellen mit dem zentralen Fibrillen- 
geflecbt in Yerbindung gesetzt, und daraus folgt, dalidurchdas 
Fibrillengeflecht eine Korrespondenz zwiscben den 
Nervenauslaufern beider Ganglienzellentypen her* 
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gestellt wird, also keine direkte Verbindnng 
zwischen den GanglieDzellen selbst besteht — Wie 
ich spftter ausftthren werde, scbeinen mir dieee Verhftltnisse von 
grOfitem Interesse fQr dieBestimmuDgder pbysiologischen Bedeatang 
der Gaoglienzellen za aein. 

Die flbrlllBre Masse (Letdig's Punktsubstanz). 
Jeder, welcher sicb Dur ein wenig mit dem Studium der Histo- 
logie des Evertebratennervensystemes bescb&ftigt hat, wird zuge- 
ben, daS in der Streitfrage nach dem feineren Bau der fibrillaren 
Masse Oder der sogenaDnteD LEYDia'schen Punktsubstanz das letzte 
Wort noch nicht gesprochen ist. Nachdera viele Autoren, wie 
Hermann ^), H. Schultze *) u. a. Leydiq's Darstellung bcstritten 
haben, erscheiot Leydig mit dem Buch: „Zelle nnd Gewebe^ 
(Bonn 1885) auf dem Plan, in welchem er seine frOhern Be- 
bauptungen dber die Punktsubstanz, allerdings modifiziert, 
dann aber sagt ') : „Die jetzt m5glichen VergrGfierungen lassen 
aber finden, dafi das „Streifige" von Ld.ngsz1igen eines schwam- 
migen Geriistes herrtkhrt und das „K8rnige^^ auf die Knoten- 
punkte eines feinen Zwischennetzes zu denken ist. Die Haupt- 
und L&ngszttge des Maschenwerkes rufen die Abgrenzung in 
,,Fibrillen" hervor, aber zwischendurch zieht ein zartes Schwamm- 
gefdge, in dessen R&umen die homogene, eigentliche Nerven- 
substanz enthalten ist — Die „Fibrillen" Hermann's sind Teile 
des GerQstes, Haupt- oder LfingszUge des Maschenwerkes, welches 
erst die eigentliche Nervensubstanz einschlieSt^'. Diese luSerungen 
eines hochverdienten Forschers sind so bemerkenswert , dafi sie 
gewifi die gr5fite Aufmerksamkeit auf sich lenken mQssen. — In 
jtlngster Zeit sind zwei bemerkenswerthe Arbeiten des ungarischen 
Forschers BisLA Halleb erschienen , auf welche ich jedoch , wie 
auf die tlbrige Literatur, erst zurQckkommen werde, wenn ich 
meine Befunde bei den Myzostomen dargelegt habe. 

Die peripheral Nerren. 

Der Einfacbheit wegen soil zuerst die Struktur der Nerven 
besprochen worden. Die Nervenfasern, welche die peripheren Nerven 

1) 1. 0. 

2) H. Schttltze: „Die fibrillare Struktur der ITenrenelemente bei 
WirbeUoaen". Arch. f. mikr. Anat Bd. 16, 1879. 

3) h c. p. 166. 
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bildeD, haben dne Rdhrenstruktur ; sie bestehen aus einer inneren 
weichen Substanz, der eigentlicben, von Lbtdig Hyaloplasma ge- 
naDDten Nervensubstanz, wdcbe Id KaD&le oder Rdhren einer der- 
beren StfltzsabBtanz, dem Spongioplasma Letdig's, eingescblossen 
ist Aof L&ngs8chnitten namentlich mit Osmiumsftnre und Haema- 
toxylin bebandelter Pr&parate zeigen die Nenren eine deatliche %* 

LftDgsstrdfang (Fig. 14), welche darch die yon dem Spongioplasma A 

gebildeten Scheidew&nde dadnrch hervorgerofen wird, dafi sie sicb als ^ 

st&rker gef&rbt yon dem heller gebliebenen Hyaloplasma gut ab- 1 

heben. — Dafi das Spongioplasma eine B5hre bildet, ist aus Fig. j^ 

14 a. leicht ersichilich, welche einen gebogenen und dadurch halb m 

quergeschnittenen Neryen zeigt, an welchem die schrftggeschittenen 1 

ROhren oder Kan&le sich deutlich als Netz mit oyalen, l&ngsge- 
streckten Maschen darstoUt — Ob diese SpongioplasmarOhre nur < 

eine Neurilemmbildung ist, wie Hebmann in seiner ansgezeichneten 
Beschreibung des Neryensystems yon Hirado^) meint, oder ob es 
nicht wenigstens teilweise ein eigenes, durch Absonderung yon den 
Neryenfasern entstandenes Grebilde ist, wage ich yorl&ufig nicht 
bestimmt zu entscheiden. ^ Der Querschnitt eines Neryen (Fig. 15) ii 

l&fit die intensiy gef&rbten Spongioplasmar5hren leicht erkennen ; ' 

dieselben haben hier das Aussehn eines zusammenhftngenden Netz- 
oder GerOstwerkes, welches den ganzen Neryendurchscbnitt erfallt, 
and welches mit den Maschen der Bindegewebssepten des Neuri- 
lemms (s) so innig yerbunden scheint, daB es sehr schwer zu 
sagen ist, wo das eine aufhOrt und das andere anfftngt Wie 
ich schon oben ausgesprochen habe, bin ich der Ansicht, dafi sich 
das Neurilemm wirklich bei der Bildung der ROhren beteiligt. — 
Diese rdhrenf5rmigen Neryenfasern sind meiner Meinung nach den 
gew5hnlichen Neryenfasern der Wirbeltiere gleich , nur ist zu be- 
merken, dafi die letzteren mehr difierenziert sind. Den yon dem 
Spongioplasma umhallten Hyaloplasmastrang in der Neryenfaser 
der Wirbellosen m5chte ich als „Nervencylinder" bezeichnen; der- 
selbe wttrde also das Homologon des Achsencylinders sein , wie 
schon Waoneb ^), Waldeyeb *), Leydiq u. a. ausgesprochen haben. — 
Was den feineren Bau dieses Nenrencylinders anbetrifft, so kann 



1) loo. oit. pag. 51. — 

2) Wagkml: „G6ltinger Nachriohten." I860. N. 69. 

2) Waldsyxb: ^Untersuchmigen iiberden Ursprung und den Yet- 
lauf deft AohsencyUnders bei Wirbelloften und WirbeltiereD etc.!'. 
Zeitsohr. f. ration. Medio. 3 Beihe. XX 1863. 

fid. XXI. N. p. XIV. 20 
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ich nkhts mit Bicherheit behaupten. — Aaf Langaschnitteii am 
NenrencyliDder glaabe ich eine sehr zarte Langsstreifung bemerkt 
zu haben, wie sie scbon in den Aosl&afem der Ganglienzellen zn 
sehen war (Fig. 17). Diese Stretfong rOhrt wahrscheinlich yon 
einem sehr feinen Spongioplasmageftge her, welches ich aof 
Qaerschnitten als ein zartes Netz gegehen zu haben glaabe. 
Dieses OeMge kann aber kanm einen so ganz schwammigen Bau 
haben, wie Letdio zu vermuten scheint, da es sonst schwerUch 
eine Langsstrdfiing hervorzubringen im stande sein wCbrde, yiel- 
mehr bin ich der Ansicht, daS es durch ffildung sehr feiner 
Bdhrchen dazu beitr&gt, das Hyaloplasma des Nenrencylinders, 
wenn aach viellmcht nnr teilweise, in auSerordentlich feine StriLnge 
Oder Fibrillen zu spalten. Diese Fibrillen wQrden den von Her- 
mann und ScHULTZE beschriebenen PrimitiTfibrillen nahe stehen. 
— Nie ist es mir gelangen, mich von einer pnnktierten Be- 
schaffenheit der Nenrenfaserquerschnitte zu Uberzeugen; zwar 
zeigen die Neryen im Querschnitt stets ein punktiertes Aussehen, 
allein die dnnklen Punkte finden sich meist nor in den Spongio- 
plasmascheidewanden und lassen sich entweder als Knotenpunkte 
derselben, namentlich da, wo sich mehrere Scheidew&nde yer- 
binden, oder als geronnenes Hyaloplasma, welches an den Scheide- 
wftnden anklebt, deutlich erkennen. — Zwar babe ich auch dunkle 
Punkte in dem Nenrencylinder gesehen, jedoch waren dieselben 
so unr^elmaffig, dafi ich es f&r wahrscheinlich halten mufi, daS 
sie durch Gerinnung des Hyaloplasma entstanden sind. 

Die Neryencylinder zeigen eine yerschiedene Dicke; so babe 
ich z. B. Nenrencylinder von 0,001 bis 0,006 mm Durchmesser in 
demselben Nerven beobachten kdnnen. 



Die centrale FlbrUlenmasse (Punktsubstanz der beiden Langs- 

kommissuren) 
setzt sich aus zwei Hauptbestandteilen zusammen: aus durch- 
lanfenden Nervencylindern und einem durch die 
ganze Masse ausgebreiteten Fibrillengeflecht. Im 
Durchschnitt hat die Centralmasse ein ziemlich schwammiges Aus- 
sehen, aber bei n&herer XTntersuchung zeigt sich, dafi dieses Aus- 
sehen demjenigen Qberschnittener Nerven sehr ahnUch ist, nur 
dafi die Maschen des Netzwerkes viel feiner sind. — (Am besten 
lassen sich diese Verhaltnisse an einer Sale von Querschnitten 
durch die Ursprungsstelle eines Nerven untersuchen). — Icfa 
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I 
schlielie nun , dafi die Maschen ebenso wi« in den Nerven von | 

den st&rker gef&rbten Spongioplafimascheidew&nden ^ 

berrtibren und dafi dadurch aoch bier das Hyi^oplasma in Str£lnge 
Oder Fibrillen isoiiert wird. Der Verlauf der dickeren Strftnge, 
welche die durchlaofenden Nenrencylinder repr&senfi^ren, ist oft 
leicht zu terfolgen, namentlicb sind sie zahlreich auf Quer- und ^* 

Horizontalscbnitten nach den Abgangsstellen der Nerven ver- i 

laufend zu beobachten. — Sie kommen von GanglienzeNen oder " 

yon den Querkommissureu ber und gehen entweder durch die ^ 

L&ngskommissuren in die Nerven hinein Oder lassen sich die 
ganzen Langskommissuren entlang verfoigen und treten dann oft 
in geringer Zahl in die Scblundkommissuren ein. — Dlese letz- 
teren Nervencjlinder finden sich besonders zahlreich auf der 
inneren dorsalen Seite jeder Langskommissur Tereinigt (Fig. I) 
und sind von auffallender Dicke, wodureh sie aucb auf Quer- 
schnitten leicht erkennbar werden (Fig. 8 Ic.)^). Eine geringere 
Zahl dOnnerer, Iftngsverlaufender Nervencylinder finden sich auf der 
^ufieren Seite jeder Langskommissur in gleicher H&he mit den 
Ursprungszellen der peripheren Nerven (Fig. 1). — IMe Bedeutui^g 
der Iftngsverlaufenden Nervenglieder ist augensch^nlich dieselbe 
wie diejenige der I&ngslaufenden Nervenfasern im RQckenmark der 
Wirbeltiere. — Zwischen den durchlaufenden Nervencylindern und 
in der gesamten centralen Masse breitet sich ein machtiges G^- 
flecht feiner Cylinder oder Fibrillen aus. Dieselben bilden jedoch, 
v^ie ich oben ausftlhrte, kein wirkliches Netzwerk, sondem ein 
kompliziertes Geflecht; dafi sie wie ein Netzwerk aussehen, ver- 
ursacht die FSrbung des Spongioplasma. Die Fibrillen, welche 
dieses Geflecht bilden, sind zum Teil Seiten&ste der- 
jenigen Zellenauslauler, vtrelche direkt in periphere 
Nervenglieder Ubergehen, zum Teil Zweige der- 
jenigen Zellenausliufer, welche sich ganzlicb in 
diesem Geflecht aufl5sen, zum Teil endlich — wie 
ich spater zeigen werde — Wurzeln derjenigen Nerven- 
fasern, welche aus diesem Geflecht entspringen. 

Der Ursprung der peripheren Nervencylinder ist von zweierlei 
Art. Entweder gehen sie direkt von den Ganglien- 
zellen aus und sind, wie oben beschrieben wurde, 
eine direkte Fortsetzung der Nervenausl&ufer oder 
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sie entspringen nar in dem Fibrillengeflecht 
(Fig. 8, pc), indem mehrere Fibrillen des Geflechtes sich zu 
einem peripheren Nervencylinder vereinigen. Die erste Art von 
Nervencylindern entspringen, wie es scbeint, vorzugsweise dorsal 
von den dort gel^enen Ganglienzellen, wlUirend die zweite Art 
ihren Ursprung vorzugsweise ventral nimmt (Fig. 8). — Die 
Nervenfasem der Nerven teilen sich bei ibrem Eintritt in die 
Fibrillenmasse der L&ngskommissoren allem Anschein nacb in 
zwei HauptbOndel, ein dorsales and ein ventrales; es kann also 
anch bier von dorsalen and ventralen Nervenwarzeln gesprochen 
werden, wie sie Hebmakn fflr Hirado bescbrieben bat Die 
mebr dorsal entspringenden Nervencylinder will icb als moto- 
rische, die mebr ventral entspringenden als sensitive 
Nervencylinder bezeicbnen. 

Zam Scblufi m<3ge es mir nocb gestattet sein, micb mit 
einigen Worten Qber den Bau der intermedi&ren Nerven zu 
&ufiern, zumal derselbe von besonderem Interesse ist — Der 
intermedi&re Nerv bestebt aus einigen wenigen groben Ifings- 
laofenden Nervencylindern, die durcb eine starke, bindegewebs- 
abnlicbe Masse getrennt und umscblossen sind. Septen, sowohl 
als Scbeide werden namentlich von innerem Neurilemm gebildet 
— Hier und da geben die Nervencylinder in einer Seitenkommissur 
zarte Aste ab, welche sie mit dem Fibrillengeflecht der Langs- 
kommissuren in Verbindung setzen. — Diese Aste baben die ge- 
w5hnlichen Rdbrenstruktor der Nervenfasem; jeder derselben steht 
nur mit einem Nervencylinder der intermedi&ren Nerven in Ver- 
bindung, was namentlich auf Querscbnitten leicht zu beobachten 
ist (Fig. 16). Diese Nervencylinder der intermediftren Nerven 
k5nnen als ein sebr gutes Beispiel dienen, um zu zeigen, dafi 
Nervencylinder; keinen isolierten Weg durcb das 
centrale Nervensystem zurOcklegen, sondern, dafi sie 
dort, wo sie nicbt durcb das fibrill&re Greflecht gehen, dordi 
Seitenftste mit demselben in Verbindung stehen. 
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Anhang. 



AUgemeine Betrachtnngen tlber die Histologie des 
CeiitraliieryeiuiyBtemes im Tierreiohe. 

Es sei mir gestattet, zum Schla£ eioe kurze tbersicht der- 
jenigen Resultate meiner Untersuchungen za geben, welcfae an 
allgemeine Fragen fiber den Baa des Nervensystemes im Tier- 
reiche ankniipfen. — Obschon Letdig in seiner interessanten 
Arbeit: ,,Zelle und Gewebe^^ seiner Ansicht fiber die yerschiedenen 
Arten der Ganglienzellen und Nervenfasem der Wirbellosen an 
keiner Stelle ausdrficklicb Worte Idht, so glaube ich ihn doch 
nicht mifiverstanden zu haben, wenn icfa annehme, dafi anch er 
zwei Arten von Ganglienzellen wie von Nervenfasem bei Wirbel* 
tieren and bei Wirbellosen gefanden hat. — Bei der Besprechung 
des Nervensystemes der Wirbeltiere sagt er selbst^): „Die Fort- 
satze der Ganglienkugeln geben dort nicht anmittelbar in Nerven- 
fasem fiber, sondera nachdem sie sich in fibriU&re Punktmasse 
aufgeldst haben, verschmelzen sie mit der molekulftren grauen 
Sabstanz. Daneben kommt es aber auch so gat wie 
bei Wirbellosen vor, dafi einzelne Fortsatze von 
Ganglienkugeln sich sofort zum Achsencylinder der 
markhaltigen Nervenfasem gestalten.'* Lbtdiq scheint 
dabei die Meinung za hegen, dali die letzterwahnte Ursprungs- 
leeise der Nervenfasem bei Wirbellosen nur sehr selten auftritt, 
and dafi nur die bei dem Austritt der Nerven peripherisch ge- 
legenen Ganglienzellen derartige Ausl&ofer haben. Auch Letdio's 
Ansicht fiber die Struktur der Punktsubstanz kann ich nicht ganz 
zustimmen; warum, soil sp&ter n&her erQrtert werden. — Un- 
gefUhr gleichzeitig mit meiner Arbeit fiber die Anatomie der 
Myzostomen erschien eine sehr bemerkenswerte Arbeit B^la 
Halleb's fiber das Nervensystem der Rhipidoglossen'), in welcher 



1) loe. oii p. 

2) fi. Hallbb: 
tf orph. Jahrb, XI. 



178. 

^Untersachungen iiber marine Bhipidogloseen II'', 
1885. p. 821—436. 
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dieser verdieDte Forscher zu Resultaten gelangt, welche in 
mehreren Punkten mit den meinigen in ttberraschend sch5ner 
Weise flbereinstimmen. — Wie ich schon an anderer Stelle er- 
wahnt habe^), bat auch Halleb eina zweifache Drsprungswdse 
der peripheren Nervenfasern beobacbtet, entweder unmittelbar aus 
Ganglienzellen oder aus dem ^Nervennetz'', welcbe Beobachtungen 
sich rait meinen Resultaten*) decken. — In anderen und zwar 
wichtigen Beziehungen stimmen aber die Ansichten Hallsb's 
nicht mit den meiDigen Qberein. Ober die Stroktar der Punkt- 
substanz ist Haller zu einer anderen Auffassung gelangt als 
ich, wenn er ein retikul&res Fibrillennetz beschreibt, in welchem 
die Verzweigungen der Ganglienzellenausl&ufer und die Ver- 
astelungen der Fibrillen anastomosieren und wirkliche Maschen 
bilden, so dafi ein zusammenhangendes , schwammiges Netzwerk 
entsteht, welches sich durch die ganze fibrill&re Masse hindurch 
ausbreitet. — Vergleicht man jedoch die &u£erst sorgf&ltigen Ab- 
bildungen Hallbr's®) mit denjenigen von Lbydio*) und von mir*), 
dann ist leicht ersichtlich, daB das, was Haller als Fibrillennetz 
beschreibt, von Lbtdig und mir als Spongioplasmagebilde auf- 
gefafit wird. Drei verschiedene Beobachter haben demselben 6e- 
bilde drei verschiedene Deutuugen gegeben. Auch was die Ent- 
stehung dieses Gebildes (Nervennetz Haller^s, Geflechtweri[ 
Nansen's) betrifft, stimmen ELlller und ich nicht fiiberein. — 
Nach Haller's Ansicht nehmen, mit Ausnahme derjenigen Aqs- 
Iftufer, welche in Nervenfasern fibergehen oder mit denjenigen 
anderer Zellen anastomosieren oder korrespondieren, alle Aus- 
laufer der multipolaren Zellen an der Bildung dieses Nerven- 
netzes teil, eine Ansicht, welcher ich nicht beipflichten kaiin, 
welche jedoch, wie Haller erw&hnt, schon Gerlach*) in seiner 



1) Fr. Naniss: „Forel<ibig Meddelelse om Undereogelser over 
CentralnerrenByBtemeta histologiske By going hoB Asoidierae samt hos 
Myxine glutinosa". Bergena MuaeumB AarsberetniDg for 1885, p. 76. 

Ibid.: „Prelimiiiarj communication on some inyestigatioDs 
upon the histological structure of te central nervous system in the 
Ascidia and in Myxine glutinosa.'' Translated by W. S. Dallas, 
F. L. S. in: The Annals and Mag. Nat. Hist. 1886, p. 294. 

2) Ibid. loc. eit pag. 34 u. 75. 
8) 1. c. Fig. 17, 36, 37 etc. 

4) 1. c. Tab. VI, Fig. 182. 

5) 1. c. Tab. IX, Fig. 4 u. 5. 

6) J. Gxblach: „Yon dem Biickenmark", in Stbickbb, ^Haadbneh 
der Lehre von den Geweben". Leipzig 1872, pag. 684, 
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Beschreibung des Buckenmarkes der Wirbeltiere ausgesprochen 

hat — Der dritte Punkt, fiber welchen Haller and ich ver- 

schiedener Meinung sind, resultiert aas seiner Behauptung, daS ^ 

die Ganglienzellen durch direkte Anastomosen in Verbindung ! 

stehen soUen. — Zwar habe ich meine Untersuchungen, die 

Histologie des Nervensystanes betre£fend, noch nicht auf Mol- 

lasken ausgedehnt, allein ich glaube annehmen zu diirfen, da£ ^ 

es sich hier am Verhaltnisse sehr allgemdner Natar and Ver- || 

breitong haodeln mafi, and daS ein SchlaS Yon den Verh&ltnissen, 

wie ich sie bei den von mir untersachten Tiergruppen gefunden ^ 

babe, auch auf die Mollusken nicht zu gewagt ersdieinen kann. [^ 

— Ich mufi daher konstatieren, dafi in dem Neryen- y 

system der Yon mir untersachten Tiere keine ^ 

AnKstomosen beobachtet warden, welche zweifellos 

ond sicher als solche zu erkennen waren^). Was 

endlich die vielen von Halleb beschriebenen Kernausl&ufer 

betrifft, so will ich bemerken, dafi in einzelnen Fallen auch 

mir Ahnliche Bilder vorgekommen sind, da6 dieselben jedoch 

immer als durch optische Tauschung oder als kfinstlich hervor- 

gerufen erkaimt wurden. — Yor kurzem ist nan abermals eine i 

kurze Abhandlang Halleb's^) erschienen, in welcher er seine 

friiheren Ansehauungen auirecht erhldt und zogleieh eine kurze 

tTbersicht fiber die an anderen Tiergruppen (Anneliden, Arthro- 

poden, Wirbeltiere) gewonnenen Besaltate giebt. t^erall findet 

er Best&tigung seiner Ansichten, nur weichen das Nervensystem 

der Anneliden und Wirbeltiere einerseits von deoyenigen der 

Mollusken andererseits insofem ab, als bei ersteren an dem jj 

Aufbau der Punktsubstanz auch ein bindegewebiges Netz Anteil | 

nimmt, wahrend dies bei letzteren nicht der Fall ist, sondem die 

^,Punktsubstanz ausschlieSlich von Fortsatzen der Ganglienzellen 

gebildet^^ wird. — Bei den Mollusken sind „aber sehr primare 

Verhaltnisse, denn bei den Medusen nimmt Bindegewebe an der 

Bildung des Nervenringes ebensowenig wie bei anderen (^len- 

teraten Anteil*'. — Auch meiner Arbeiten thut B. Haller Er- 

wahnung, und da er nach seiner eigenen Angabe des Nor- 



1) Nahsbn 1. c. pag. 68 — 64, 74 — 76. — Ann. and Mag. Nat 
Hist. 1886, pag. 215—223. 

2) B. Hallbb: „tTber die Bogenannte LBYsia'sche Faaktsubstani 
im CentralnonrenBysteia''. Morph. Jahrb., Bd. XIL, pag. 325 — 332, 
1886. 
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wegischen nur wenig kundig ist, hat er sich in den Haaptsadieo 
an einen Brief gehalten, in welchem ich ihm tiber die Piinkte, 
beztlglich deren ich anderer Ansicht bin als er, korz referiorte. 
Ldder tragt aagenscheinlich die Ktirze meines Briefes Schald, 
dafi B. Haller meine Ansichten Qber das centrale Geflecht and 
die Nervenauslaofer nicht ganz korrekt aufgefafit hat, wie ans 
der sp&ter folgenden Darstellung hervorgehen wird. — Ich will 
nicht tiefer in die sehr nmfangreiche Litterator ttber das Nerven- 
system der Wirbellosen eindringen, wie dies schon oft und got 
Yon anderen Autoren gethan worden ist, nur zwei Arbeiten 
m5chte ich noch in Erinnerung bringen, weil die in densdben 
niedergelegten Resultate sich mit den meinigen decken. — 
SoLBBiG^) hat in dem Nervensyst^m der Gastropoden keine 
direkten Anastomosen zwischen zwei Ganglien- 
zellen beobachtet; auch haben nach ihm die NerYenfasem 
eine doppelte Ursprangsweise, entweder eine direkte, wenn 
sie unmittelbar von Zellausl&ufem gebildet werden, oder eine 
in direkte, wenn sie aus einer grannlierten , fein fibrill&ren 
Masse entstehen, in welche sich die Ausl&ufer von Ganglienzellen 
auflOsen. — Endlich will ich noch eines Verfassers erw&hnen, 
dessen Arbeiten gerade hier von grOfitem Interesse sein mttssen, 
namlich des hervorragenden Nervenhistologen Camillo Golgi*) 
in Pavia, dessen epochemachende Befunde gerade nicht so all- 
gemein bekannt zu sein scheinen, als sie verdienen. Was die 



1) SoLBBie: „t^er die feinere Struktur der ^eryenelemente bei 
den Qastropoden'^ Miinchen 1870. 

2) C. OoLei: „8iilla fina anatomia degli organi centrali del 
siBtemo nervoso (oon 24 tayole)". Milano 1886. 

Ibid.: yyEeohercheB ear ThiBtologie dee centres neryeux.'' Aroh. 
de Biol. T, IH (1883), IV (1883) und VII (1886). 

Ibid.: „Siilla fina anatomia degli organi oentrali del sistemo 
nervoBo''. Mem. prem. d. R. Istit. Lombardo. Biyista di Frenatria 
e di Medio, leg. Beggio Emilia 1883. 

Ibid. : yyOonsid^rationB anatomiquoB Bur la dootrine deB locaUsationB 
g^n^rales'' (Resumtf de Tauteur). Aroh. Ital. Biol. T. IL — Gazetta 
degli Ospitali III, No. 61—64, 67, 69—72. 

Ibid.: „Origine du traotas olfactoriuB et stracture deB lobes ol- 
faotifs de I'homme et d'autres mammuif^res". Aroh. Ital. Biol. T. I, 
1882, p. 454. 

Ibid.: „Sall^ origine centrale del neryi. Giomale intemaz. d. 
Soienze mod. 1881, pag. 15. 

Ibid.: „Stadi istologici sal midoUo spinale'^ Arch. Ital. p. L 
mal. nery. 1881, pag. 155 — 165. 
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e istmo delPencefalo". Mem. d. E. Aco. d. So. d. Torino, Ser. 11, 
Tome XXXYU. 

Ibid.: yyNote histologiqne snr Torigiiie reelle de qnelques neufii 
o^rtfbraux". Arch. Ital. Biol., T. Y, 1884, pag. 109. 

2) B. FuoARi: yySoirorigiDe delle fibre nervose nel strato mole- 
colare delle ciroonvolazioni oerebellari deiruomo''. Att d. B. Ace. 
d. So. d. Torino, Yol. XIX, 1888. 

d) Ibid.: „Bicerohe intomo alia fina anatomia dell'encefalo dei 
TeleoBtei''. Boll. Scient No. 2, 1886. 
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Feinheit, Zuverl&ssigkeit and Schonbeit der UDtersuchungs- 

methoden Golgi's betrifft, so lassen dieselben alle bisher in der 

Nervenfaistologie angewandten weit hinter sich zorQck and haben 

infolgedessen aach zu so ttberraschenden ResQltaten gef&hrt. — 

Ich babe das Glflck gehabt, GoLofs eigene Pr&parate einsehen 

zu kOnnen, welche mir bei meiner Anwesenheit in Pavia im ^ 

Jabre 1886 mit gr5fiter Liebenswardigkeit zur Disposition gestellt 

wurden. — Selbst babe ich dann die 6oLGi*schen Methoden oder 

Modifikationen derselben bei verschiedenen Tieren mit grofiem i 

Erfolg angewandt, selbst bei einem so tiefstehenden Tiere, wie ^ 

Myxine, erhielt ich im Gehim und Rackenmark die deutlichsten 

Reaktionen und kann nur sagen, dafi zur Zeit keine andere I 

Metbode aucb nur ann&hemd soviel zu leisten imstande ist oder als 

Ersatz dienen kOnnte. — Golgi's Befiinde wurden namentlich ^ 

von LiYio ViNGENZi^) und Romeo Fugabi') bestatigt; letzterer 

hat auch kUrzlich sehr interessante Mitteilungen fiber seine , 

Untersuchungen am Gehirn der Knochenfische (Tinea Yulgaris)*) I 

yerdffentlicht, welche ebenfalls GoLGfs Anschauungen bestfttigt J 



Stniktiir der Nerrenfaser. 

Die Nervenfasern, dQnne und dicke, centrale und periphere, 
sind immer als Rohrchen zu betracfaten, welche aus einer aufieren, 
derberen Scheide oder Halle und einer in dieser eingeschlossenen 
inneren, balbflQssigen, diartigen Substanz zusammengesetzt sind. 
Die HQlle besteht aus dem LETDiG'schen Spongioplasma, 
die innere Substanz entspricht seinem Hyaloplasma. In den 
markhaltigen Fasem der Wirbeltiere scheint noch ein dritter 
Bestandteil, das Mark, hinzuzukommen. Das Hyaloplasma 
zeigt meiner Auffassung nach sowohl bei Wirbellosen wie bei 
Wirbeltieren (Achsencylinder) eine schwache L&ngsstreifung. Bei 
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den gewdbnlich angewandten Methoden (Ghromsalz^OstDiams&nre* 
Behandlung etc; Karmin-, Hematoxylin-, Anilinfarben) farbt sich 
sowohl bei Wirbeltieren wie bei Wirbellosen vorzugsweise die 
Spongioplasmascheide der Fasern, w&hrend das Hyaloplaama hell 
and ungefarbt bleibt. Daher zeigen auch die Quersdinitte peri- 
H pherer Nerven sowie centraler FibrillenmasBe , nanientlich bei 

Wirbdlosen, eine in die Angen fallende Netzstroktur. D^kt maa 
sicb viele solcher R5hrchen nut gef&rbten Scheiden so dicbt an* 
^ . einander gelagert, daS die Scheiden verschmelzen, dann mufi aaf 

I A dem Querschnitt eine netzformige Struktor, auf dem Ldngsscbnitt 

Mp eine Ij&ngsstreifung zu sehen sein. Denkt man sich nun aber 

y^ ein filzartiges Geflecht solcher sehr feiner Bohrchen, dann muii 

ein Schnitt durch diese Masse ein Netzwerk ze^en, dessen 
Maschen den Durchschnitten der B5hrchen entsprechen, also ein 
Bild, wie es nach Leydig, Haller u. a. Schnitte durch die 
fibrillare Masse (Letdig's Panktsubstanz) des centralen Nerven- 
systems darbieten. t)ber die Zuverlassigkeit dieser Verhaltnisse 
; der Nervenfasern oder R5hren der peripberen Neryen wie der 

\U centralen librillaren Masse habe ich mich bei den nicht wenigen 

M verschiedenen, von roir untersuchten Tieren so vollkommen Qber- 

^ zeugen k5nnen, dafi ich keine Zweifcl mehr hegen kann. Zwar 

habe ich Mollusken bisher nicht in das Bereich meiner Unter- 
suchungen gezogen und kann mich daher nicht direkt gegen die 
yon Haller gegebene Beschreibung aussprechen, doch finde ich 
a priori keinen Grund, anzunehmen, dafi diese Tiere andere Ver- 
haltnisse darbieten sollten, wenn es auch nicht unmoglich er- 
scheint, dafi ein inneres Bindegewebsnetz fehlt und im grofien und 
ganzcn primitivere Verhaltnisse vorhanden sind; auch mufi ich 
hervorheben, dafi vielleicht das von Haller beschriebene Binde- 
gewebsnetz und das von mir beobachtete Spoogioplasmanetz zwei 
verschiedene Bildungen sein kdnnen^). Die fibrill&re Masse 
(Leydig's Punktsubstanz) wird also nach meiner Auffassung bei 
Wirbellosen und Wirbeltieren weder von einer spongiQsen Masse 
im Sinne Leydig's, noch von einem retikularen Netz im 
Sinne Haller's gebildet, sondern von einem filzartigen, 
dichten Geflecht feinster Nervenfasern oderNerven- 



H 



1) Dafi auoh bei Mollusken ein inneres NeurUem, dem von 
mir beschriebenen entsprechend , vorhanden ist^ wenigstens in ihren 
I •. peripheren Nerven, ist aus den Beobaohtungen Yiobai'b (L c) u. a. 

leicht ersiohtlich. 
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r()hrcheii, in welchetn yiele darchlaufende Nerven- 
fasern, grdbere und feine, hinzieben. — An der Bildung 
dieses eentralen Nervengeflechts beteiligen sich, wie auch Golgm 
fttr die Wirbeltiere gefonden hat, folgende Teile: 

1) die Seitenfibrillen derjenigen Neryenforts&tze (der Ganglien- 
zellen des ersten Typos), welche direkt in einen peripheren ^ 
Nerven- oder Acbsencylinder flbei^ehen; 

2) die s&mtlieKen Aste derjenigen Kervenfortsatze (der Zellen 
des zwdten Typus), welche sich vollstandig in dem Geflecht 
aufldsen; 

3) die Sdteofibrillen der peripheren Nerven- oder Acbsen- 
cylinder, welche in der unter 1 angegebenen Weise ent- 
springen ; 

4) die Fibrillen derjenigen Nerven- and Acbsencylinder, welche 
in toto aus dem centralen Geflecht entspriugen ; und endlich 

5) die Seitenfibrillen der l&ngsverlaufenden, centralen Nerven- 
Oder Acbsencylinder, wie der im intermediaren Nerven 
verlaufenden. 



Die CFangllenzelle. 

Die von Goix^i gemachten diesbeztiglichen Beobachtungen 
glaube ich in ibren HauptzQgen sowohl fiir Wirbeltiere wie fiir 
Wirbellose bestatigen zu k5nnen. — Es lassen sich zwei Arten 
von Zellenfortsatzen unterscheiden : protoplasmatische Fort- 
sat ze (GoLGi's prolungamenti protoplasmatiei) , welche zur Er- 
nabrung der Zelle dienen, und nerv5se Forts&tze (Golgi's 
prol. nervosi oder prol. fungionali), welche nerv5se Funktion be- 
sitzen. — Jede Ganglienzelle besitzt einen, aber nur 
einen Fortsatz der letzten Art; ist eine Zelle multi- 
polar, so sind alle tkbrigen Forts&tze protoplasma- 
tischer Natur. Die protoplasmatischen Fortsatze verzweigen 
sich zwar, aber anastamosieren nicht, dienen also nicht zur 
Korrespondenz zwischen den einzelnen Zellen. — Yon der 
Richtigkeit dieses Verhaltens habe ich mich namentlicb bei Wirbel- 
tieren, besonders am RQckenmark von Myxine, durch Anwendung 
der prftchtige Resultate liefernden GoLGi'schen Silbermethode 
eklatant flberzeugen kSnnen, wie meine demnachst erscheinende 
Abbandlung dariiber zeigen wird. Die protoplasmatischen Fort- 
s&tze treten hier in der klarsten Weise gef&rbt oft in erstaun* 
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licher Anzahl auf ; doch habe ich keine eiiuige Anastomose mit 
Sicberbeit entdecken kdnnen, trotzdem icb viele bundert Praparate 
danacb durcbsocbt babe^. — Die protoplasmatischen Fortsatze 
geben beinabe immer bis zum peripberen Rand, am dort zn 
enden. Fflr die Wirbellosen babe icb zwar eine so sicher fank- 
tionierende Dntersucbungsmetbode nicbt gefonden, dodi glaube 
icb durcb die angewandten Metboden zu den gleicben Besnltaten 
gekommen zu sein. — Scbon a priori mofi icb annebmen, daB 
nor wenig f&r eine Korrespondenz der Zellen dmrcb die proto- 
plasmatiscben Ausl&afer spricht, denn wie l&St sicb bei dieser' 
Voraussetzung eine Korrespond^iz der unipolaren Zellen denken? 
Wie scbon oben erw&bnt, sind es namentlicb die tiefer im cen- 
tralen Nervensystem gelegenen Zellen, welcbe multipolar sind, 
so z. B. im Gebim der Ascidien und im Baucbmark der Myzo- 
stomen, wabrend die oberflachlicb gelegenen Zellen unipolar sind, 
weil sie mit der das Nerensystem umspttlenden Em&bmngs- 
flUssigkeit leicbt in BerObrung kommen. 

Nacb der Art der nervdsen Forts&tze lassen sicb zwei Typen 
von Ganglienzellen anterscbeiden, wie scbon Golgi angegeben bat: 

1) GanglieDzellen, deren nervoser Fortsatz abwecbselnd feine, 
sicb yerzweigende and im fibrillaren Geflecbt verlierende 
Seitenaste abgiebt, aber seine Individualit&t nicbt verliert, 
sondem sicb in den Acbsencylinder einer Nervenfaser um- 
wandelt; 

2) Ganglienzellen, deren Nervenfortsatz sicb in verwickelter 
Weise verzweigt and voUst&ndig in der Bildung des fibril- 
laren Greflecbtes aufgebt 



Die Nerrenfaser. Ursprong and Yerlaof. 

Die Nervenfasem zerfallen nacb ibrem Ursprung ebenfalls in 
zwei Kategorien, entsprecbend den zwei Typen von Ganglienzellen: 



1) lob kann niobt eindringlicb genug davor warnen, siob darch 
anscbeinende ADastomoBen tauscben zu lassen. Oft glaubte icb 
Anastomosen gefdnden zu baben, aber fast immer erwiesen sicb die- 
selben bei der Untersucbung mit stturksteD VergrdSerangen (Zbus, 
bomog. Imm. '/^g) als Trugbilder. Icb will nicbt in Abrede stellen, 
daB Anastomosen zwiscben zwei Qanglienzellen yorhanden sein konnen, 
da icb selbst in ganz vereinzelten Fallen zweifelhaft geblieben bin, 
doob glaube icb, daB solcbe Anastomosen als tTberbleibsel you Zell<- 
teilungen aofgefaBt werden mfUsen. 
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1) NeirenfaserD, welche eine direkte FortBetzuDg des nervOsen 

Fortsatzes einer Ganglieozelle des ersten Typus sind und ^ 

feine Seitenftste an das Nervengeflecht abgeben; 

2) Nervenfasern , welche mit keiner Ganglienzelle in direkter 
Verbindung stehen, sondern darch Yereinigung vieler feiner 
Nervenfasern aas dem Nervengeflecht entstehen. k 

Keine dieser peripheren Nervenfasern hat also einen iso- i 

lierten Verlauf. Doch auch die centralen Nervenfasern — d. h. 
diejenigen, welche in der centralen Fibrillenmasse l&ngs verlaufen ( 

— sind nicht isoliert, sondern geben wenige zarte Seitenfibrillen ab, « 

welche sicb in dem Fibrillengeflecht verlieren. — In der an- \ 

gegebenen Weise kommt also aas diesen Bestandteilen bei Wirbel- \ 

tieren und bei Wirbellosen das centrale Nervengeflecht zastande, 
welches die Korrespondenz zwischen den Nervenfasern oder den 
Nervenforts&tzen venuittelt. Die Ganglienzellen stehen also nicht 
in direkter, sondern nar in indirekter, durch die Nervenforts&tze 
vermittelter Verbindung. | 

Wirft man nun endlich die Frage auf, ob der oben an- \ 

gegebene morphologische Unterschied der Ganglienzellen und 
Nervenfasern auch auf einen physiologischen Unterschied schliefien 
l&fit, so mufi, wenigstens was die Wirbeltiere betrifft, diese Frage 
mit ja beantwortet werden. — Schon Golgi und die nach seinen 
Methoden arbeitenden Forscher Vinoenzi und Fucasi haben nach- 
gewiesen, daS die Ganglienzellen, deren Nervenforts&tze direkt 
Achsencylinder bilden, allem Anschein nach motorische sind. 
Dies l&fit sich am besten dort demonstrieren, wo diese Zellen, wie im j 

Rflckenmark, oft mit den Nervenfasern der vorderen Nerven- \ 

wurzein in direkter Verbindung stehen, was Golgi in jttngster 
Zdt bei neugeborenen Katzen bis zur Evidenz erwiesen hat. 
Auf dieselbe Weise I&fit sich unschwer nachweisen, dafi die durch 
die hinteren Nervenwurzeln eintretenden Nervenfasern sich ver- 
zweigen, ihre Individualit&t verlieren and sich in dem fibriU&ren 
Geflecht aufldsen. Von der Richtigkeit dieser Angaben konnte 
ich mich an eigenen Pr&paraten von S&ugetieren in klarster Weise 
aberzeugen. Auch an niedriger stehenden Tieren, 
z. B. bei Myxine, ist es mir jetzt gelungen, dieselben 
Verh&Itnisse nachzuweisen. Dagegen habe ich, wie schon 
Golgi, Vincenzi und^FucAsi, gefunden, dafi die Gr5fie der Zellen 
in keiner Beziehung bestimmend fOr ihre Funktion ist, ebenso- 
wenig wie ihre Lage. Ich habe beide Zellformen in den vorderen, 
wie in den hinteren H5mem der grauen Substanz, bei MTxfaiQ 
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sowohl median wie lateral gefundeo , doch soil bemerkt werden, 

dafi Zellen des ersten Typus vorwiegend in den hinteren Hdrnern 

zu finden sind. Zwar sagt Golgi bezflglich seiner Yermntungen 

Uber die physiologische Funktion der verschiedenen Ganglien- 

zelltypen, dafi sie nur Hypothesen seien; doch sind diese Hypo- 

^ tbesen so wahrscheinlich, dafi sie kaum mehr den Namen solcher 

verdienen, und ich kann nur iiouoii voUst&ndig beipflichten, wenn 

er sagt: „le cellule nervoso-motrici sono colle fibre 

nervose in rapporto diretto, non isolato^'. — Trifft 

kA dies aber fiir die Zellen des ersten Typus zu, so dflrfte er auch 

Nfi berechtigt sein, anzunehmen, dafi die Ganglienzellen des zweiten 

. i Typus sensitiv sind, und zu sagen: ,»Die sensitiven Ganglienzellen 

I \ stehenmitdenNervenfasernnurinindirekter Verbindung/' Stattvim 

i Ganglienzellen des ersten und zweiten Typus zu sprechen, dllrfte 

\ es sich fernerhin empfehlen, motorische und sensitive Ganglion- 

j zellen und dementsprechend aucb motorische und sensitive 

., Nervenfasernzu sagen, unter motorischen diejenigen der 

- J ersten, und unter sensitiven diejenigen der zweiten Kategorie zu- 

|L; , sammenfassend. 

vt Die oben gemachten Angaben tkber die physiologische Funktion 

; der Zellenformen etc. stQtzen sich auf den Bau des Wirbeltier- 

I nervensystems. Kann nun angenommen werden, dafi diese An- 

^ gaben aucb fUr die Wirbellosen Geltung besitzen? — K5nnen auch 

' bei diesen motorische und sensitive Zellen und Fasem in gleicher 

Weise unterschieden werden? Ich glaube, dafi eine gewisse Be- 

rechtigung vorliegt, diese Fragen mit ja zu beantwortai. — Denn 

} es ware doch, bei der Qberraschenden t)bereinstimmung bezflglich 

des feineren Baues, hochst sonderbar, wenn nicht auch eine ebeii- 

• solche Cfbereinstimmung bezOglich der physiologiachen Leistung 

vorhanden sein sollte. — Ich trage deshalb kein Bedenken, diese 

Bezeichnungen auch auf die Wirbellosen auszudehnen. — Zom 

Scblufi mdchte ich noch auf eine Obereinstimmung zwischen dem 

Eiickenmark der Wirbeltiere und dem Bauchstrang der Wirbd- 

' losen hinweisen. — Ich glaube n&mlich auch in der Gri^pierung 

der Zellen und Fasem eine Ubereinstinunung bemerkt zu haben, 

Hwelcher zwar noch keine allzu grofie Bedeutung beigelegt werden 
kann, welche aber doch nicbt ohne Interesse sdieint^). Im Rticken- 



1) Siehe dariiber meine vorlaufige Mitteilung, das Nervensystem 
der Aseidien und Myxine iMtreflPend, loo. cil pag. 75, nad Ann. Mag« 
Nat HiBt. Tol XYUI, pag. 223. 
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mark finden sieh, wie schon erwUhnt wurde, die motorischen 
Zellen vorztlglich auf der ventralen Seite, in den vorderen Homern, >| 

wo auch die motorischen Fasern, diejenigen der vorderen Nerven- 
wurzeln, entspringen. Die sensitiven Ganglienzellen dagegen sind 
vorzugsweise in den hinteren Hornem belegen, und die sensitiven 
Nervenfasern, diejenigen der hinteren Wurzeln, entspringen dorsal ii^ 

Gerade das umgekehrte Verhalten glaube ich, wie Mber aus- i 

gefQhrt wurde, in dem Bauchstrang der Myzostomen gefunden za 
haben. — Dort liegen die Ganglienzellen des ersten j 

TypuSy also die motorischen, wesentlich dorsal, , 

w&hrend sich die sensitiven Zellen oder diejenigen ' 

des zweiten Typus namentlich ventral finden. — \ 

Bei den Nervenfasern habe ich einen dieser Lagerung ent- 
sprechenden Verlauf gefunden. — Auf Querschnitten des Bauch- 
stranges, welche den Ursprung eines der grofieren Nerven ge- 
troffen hatten, war leicht zu beobachten, dafi die in den Bauch- 
strang eintretenden Nervenfasern sich teilen, und da£ einige j 
Teilfasem dorsal verlaufen, also motorische Nervenfasern sind, | 
wahrend andere mehr oder minder ventral gerichtet sind, also 
als sensitive Nervenfasern aufgefa£t werden miissen (Fig. 8, pc)^). 
Im Bauchstrang der Myzostomen sind, wie oben beschrieben 
wurde, auch die l&ngsverlaufenden groben Nervenfasern vorzugs- 
weise dorsal in den L&ngskommissuren gelegen. — Ahnliche 
Verhaltnisse wie bei den Myzostomen habe ich auch bei anderen 
Anneliden, z. B. bei Nereis, Lumbricus u. a., feststellen konnen. — 
Eine Teilung der Nervenfaser bei ihrem Ursprung in mehrere i 
BQndel haben schon CLAPAHia>E, Hermann u. a. beobachtet — 1 
Grobe, l&ngsverlaufende Nervenfasern sind oft dorsal belegen, so 
z. B. „die riesigen NervenrOhren'' im Bauchstrang vieler Oligo- 
ch&ten. — t)ber die nervOse Natur dieser Fasern kann jetzt 
kaum noch ein Zweifel obwalten'). — Bei video Anneliden 



1) Siehe meine friihere Arbeit iiber Myzotomen, Taf. IX, 
Fig. 4 and 5. 

2) Lbtdio hat in einer yor kurzem erschieQenen Notiz (Zoolog. 
Anzeig. 1886, Nr. 234) die nervdse Natur dieser „R6hren" verteidigt. 
Ich selbst habe dieselben auf Sohnitten von Lombricus studirt, welche 
mit Chrom-Osmiam-EssigBfiare fixiert und mit Hematoxylin gefarbt 
waren, nnd habe dieselbe spongioplasmatische Struktur wie in den 
Nervenfasern der Myzotomen gefunden. Das Spongioplasma zeig^ 
sioh anf Qaerechnitten ale ein feines Reticulum, welches von qner- 
geBchoittenen feinsten Spongioplasmarohren herruhrt, welche das 
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koiBfliai zwmr audi grobe liagsvcrftudeade Narredasern Tor, 
wdcke nicht dgeDtlidi donal Ikgea. Dr. E. Bbodb') hai bd 
Apbroditeen (Sthendais, Poiynoe, KgiUkNi) derartige Faaem be- 
schridwn, wekfae featral, central, mm Tcfl Mmh dorsal 
Terlanfeo. Icb adbat babe bd Neieis ner bk aedia solcher 
Faaem im Banehstrang gdnaden, teik Toitral, tdb central ge- 
legen. Da jedocb in doi Raofhgangiien jedendts eine Masse 
Fibrillengefleebt (Panktaabatanz) noch nehr Tentralwirta gdagert 
aoltritt, 80 kaaa anch bier dae ibnlicbe Tendena, wie sie oben 
angedeatet wnrde, gefdndea werden. 

Abnlicbe YerblltnisBe and aacb bd Tiden Gmstaceen vor- 
banden; in dea GangKen des Baacbmarkes von Homanis kaon 
man ddi sehr Idcbt davon flberzeogen, dafi die grobra L&ngs- 
iasern Torwiegead dorsal ^erlanfen, wabrend das fdne FibrilleiH 
geflecht namenllicb Tential gdegen ist; dienao laasen deb dwsale 
nnd Tentiale Nenrenwnrzdn Idcbt nnteracbeiden. 

Nach B. Haller's DarsteUiing sind im Pedalstrang Tider 
MoUnskea die Nerteneleniaite ibnlich gmiviert wie in Baocb- 
Strang der Myzostomen. — Die motorischen Zellen and 
Fasern Hegen namentlicb dorsal, die senatiyen £le- 
mente fentraL — Dieses Verbalt^ aebeint also bd dea Wirbd- 
losen bis za einem gewisaai Grade allgemdn zn sein. 

Bei den Wirbdtieren finden sicb im RQckenmaA gerade die 
omgekebrten Yerbiltnisse; die sendUyen Elonente liegen bi^ 
yorzQglich dorsal, die motoriacben dagegen meist yentraL Bd 
den niedersten Wirbdtieren, z. B. Myxine, Petromyzon a. a^ yer- 
laofen weiterbin im yentralen Teile des RQckoimarks grobe l&ngs- 
yerlaufende Fasern (die MCLLEn'scben Fasern)*). — Dieses Yer- 
halten war a priori zu erwarten, wenn flberiianpt eine Homdogie 
zwischen dem Bancbstrang der Wirbdlosen nnd dem B&ckenmark 
der Wirbdtiere yorhanden ist; denn dann entspridit die Yentrd- 



Hyaloplasma iBolieren. — Sehr ahnliche Bilder, nor am yieloB dent- 
lioher, finden rich anf Qaeradmitten der groben Keryenfasera dee 
Banchmarkes der Gmstaoeen (HsxMAjni); aach bei Nereis a. a. 

1) EiOL Bhosb : ,,HiBtologi8che Untersachangen iiber das Nerven- 
Bystem der Ghatopoden/' Sitznngsber. d. KonigL PreuS. Ak. d. Wisaen- ' 
Bchaften, Berlin, XXXTX, 1886, pag. 781. 

3) £b ist Bebr naheliegend, daS diese Fasern, wie sohon Lan>ie 
(Zelle nnd Gewebe) andeutet, Homologa der groben Neryen£uem im 
Baachmark yieler Wirbdlosen rind. Beziiglich dee Bauee, der Lage, 
des Urspmngs etc. f^timmen sie aofiGidlend iiberein. 
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seite des Bauchstranges der Wirbellosen der Dorsalseite des 
BackenmarkB der Wirbeltiere, und umgekebrt — Bevor ich diese 
Betracbtung schliefie, will ich bervorbeben, dafi ich bier nur auf 
eine scbeinbare tlbereinstimmung aufrnerksam macben wollte. 
Dieselbe kann sebr leicbt eine tiefe Bedeutung baben, docb sind 
diese Verb&ltnisse noch viel zu wenig genau untersucbt, um ein 
abschlieBendes Urteil aus ibnen gcwinnen und mebr als blofie 
Vergleicbe auf sie basieren zu kOnuen. 

Endlich m5cbte icb nocb mil einigen Worten eine Frage er- 
firtem, welcbe zwar rein physiologiscber Natur ist, die aber nach 
den oben gegebenen anatomischen Befiinden sebr nahe liegt; die 
Frage D&mlicb nacb dem physiologischen Wert und der 
Bedeutung, welcber, falls die oben gegebenen anatomischen 
Daten rich tig sind, den Ganglienzellen beigelegt werden 
mflssen. 

Betracbten mv zuerst die Reflexbewegungen, so werden wir 
seben, dafi unsere Ansicht flber den W^, welcben eine Empfindung 
zurQckzulegen bat, um in Bewegung umgestaltet zu werden, den 
oben erOrterten anatomischen Befunden gemafi umgestaltet werden 
muS. Ein sogenannter Reflexbogen bestebt, wie bekannt, aus drei 
Faktoren, der centripetal leitenden Faser, dem flbertragenden Cen- 
trum und der centrifugal leitenden Faser. — Das tibertragende 
Centrum nun ist es besonders, liber welches unsere bisherige 
Anschauung einer Modifikation bedarf. — Dieses Centrum wurde 
nach der gew5bnlichen Auffassung als aus zwei Ganglienzellen, 
einer sensitiven und einer motoriscben, und ibrem Verbindungs- 
stack bestebend angeseben (Tafel XIX, Fig. 18), w&brend die Neryen- 
fasem, jedenfalls die centrifrugalen (motoriscben), ganz isoliert yer- 
laufen. — Nach den neueren Untersuchungen ist nun das tiber- 
tragende Centrum ein ganz anderes, da die Ganglienzellen vom 
,fReflexbogen'^ ganz ausgescblossen werden. — Eeine Nervenfaser 
hat einen ganz isolierten Verlauf; durch feine Seiten&ste oder 
Fibrillen stehen sie alle mit dem centralen Fibrillengeflecht in 
Verbindung; die Ganglienzellen stehen, wenigstens in der 
Regel, nicht durch einen protoplasmatischen Aus- 
l&ufer in Konnex; das centrale Fibrillengeflecht 
muBdemnach als ttbertragendes Centrum angeseben 
werden; denn wie anders soUte eine t^bertragung statthaben. — 
Zwar k5nnte man sagen, dali „die Eindriicke zu einer sensitiven 
Zelle'' durch das Geflecht und den Nervenfortsatz herantreten, 
dafi sie von dieser Zelle wieder durch denselben Fortsatz und 
Bd, XXI. ». F. xnr. 21 
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das Geflecht auf den Nervenfortsatz einer motoriachen Zelle nnd 
durch diesen auf die motorische Zelle selbst tibertragen werden, 
und dafi endlich der Reiz von der motoriscben OaQglieDzelle 
durch denselbeu Fortsatz und durch die centrifugale Nervenfaaer 
geleitet wird, urn endlicb auf einen Mnskel Qbertragen zu werden. 

— Diese Ansicht kOonte zwar — ja, sie m ufi sogar ausgesprochen 
werden, — von alien denjenigen, welche die alte Theorie, dafi die 
Ganglienzellen das Centrum einer jeden Nervenwirksamkeit aeien, 
um jeden Prels aufrecht erbalten woUen. Mir indessen erscheint 
eine solche Anffassung zu ktlnstlich und unnatOrlich. Welches 
Becht haben wir z. B. anzunehmen, daB ein Reiz, welcher einer 
motoriscben Faser Qbertragen ist^ erst nach der Zelle laufen soil, 
und nicht direkt nach dem peripheren Ende? — Wir wissen ja, 
dafi ein Reiz, mechanischer oder chemischer Art, zwischen Centrum 
und peripherem Ende angreifend sofort centrifugal yerlftuft — 
Demnach erscheint mir die Annahme gerechtfertigt , dafi die 
Ganglienzellen aus dem Refiexbogen auszuschliefien sind, und dafi 
das centrale Fibrillengeflecht ausschliefilich als 
flbertragendes Centrum fungiert — Ein Reflexbogen 
wQrde also aus folgenden drei Faktoren bestehen, einer centripetal 
leitenden (sensitiven) Nervenfaser, dem centralen Fibrillengeflecht 
als flbertragendem Centrum, und einer centrifugal leitenden (moto- 
riscben) Nervenfaser (Tafel XIX, Fig. 18). 

Wenn dies das Verhaltnifi bei Reflexbewegungen war, wie 
steht es dann mit den willkQrlichen Bewegungen? — Geht die 
t^ertragung des psychomotorischen Reizes von dem psycho- 
motorischen Centrum in die centrifugal leitende Faser ebenfalls 
nicht durch die motorische Ganglienzelle? Ich meine nein. Die 
Obertragung geschieht auch hier durch das Fibrillengeflecht, in 
welches von der vom psychomotorischen Centrum kommenden 
Nervenfaser Fibrillen abgegeben werden (Fig. 20 psf). — Dadurch 
wird der Reiz direkt auf die centrifugal leitende Faser flbertragen. 

— Wie es sich nun in den psychomotorischen und psychosensitiven 
C!entren mit der nervOsen Wirksamkeit verh&lt, ist viel schwieriger 
zu erklftren. Ob z. B. der psychomotorische Reiz nicht ursprting- 
lich von centralen Ganglienzellen herstammt, oder ob nicht jeder 
sensitive Eindruck Ganglienzellen als letztes Centrum hat, ist 
aufierordentlich schwierig, wenn nicht unmOglich zu entscheiden. 

— Doch mufi ich gestehen, dafi ich keinen Grund finde, warum 
angenommen werden soUte, dafi es sich anders als in den Cientren 
der Reflexbewegungen verhielte, zumal die anatomischen Yerh&lt- 
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Di^e dieselben sind. — lo den psychomotorischen wie den psycho- 
sensitiven CentreD sind, wie schoo Golgi, unzweifelhaft meiDer 
Ansicht nach, erwiesen hat, und wie ich best&tigen kann, sensi- 
tive und motorische Ganglienzellen gemischt, und es findet sich 
auch bier wie tiberall in der centralen Substanz (graue Substanz 
der Wirbeltiere, Punktsubstanz der Wirbellosen) ein sensitiv-moto- 
risches Fibrillengeflecht, welches auch psychisches Geflecht 
genannt werden k5nnte. — Dieses Fibrillengeflecht, und 
nicht die Ganglienzellen, ist nun meiner Meinung 
nach als eigentlicher Tr&ger der Psyche auf- 
zufassen. 

Welchen physiologischen Wert haben aber nun die Ganglien- 
zellen? Erinnern wir uns dessen, was obeu fiber die proto- 
plasmatischen Forts&tze gesagt worden ist, so mttssen wir ihnen 
wesentlich eine nutritiye Bedeutung zuschreiben. — Sie bilden 
die Em&hrungscentren iQr die Neryenfasem, periphere wie cen- 
trale, sowie fQr das centrale Fibrillengeflecht. — Bei hOher ent- 
wickelten Tieren, wo die Nerventhfttigkeit stftrker ist, h&ufig auch 
blofi ibrer Lagerung wegen, sind die Zellen multipolar geworden, 
um ihrer Funktion besser gerecht werden zu kdnnen. — Bei 
geistig h(ttier entwickelten Tieren ist das centrale Fibrillengeflecht, 
wie oben erwftbnt wurde, stftrker entwickelt und komplizierter 
gebaut, wie auch die Nervenforts&tze der Ganj^ienzellen reicber 
Ter&stelt sind. 
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ErU&raBg der Tafel XIX. 



Fig. 1. HalbsohematiBobe DarBtelluog des oentralen NenranBydtems 
yon H. giganteum. — Doreale Ansicht 

in =98 Tentakelnerven. — tnr s= Tentakelnorrenring 
»»', vn*\ vn'** 8= die drei Yerbiadangsnervea zwischen Ten- 
takelnervenring und Schlandring (#/*). — #ii = die vier 
SchlundnerYen. — gzr^ g^^i g*^* ^= OaaglienEeUen, den 
RiiBsel ale einen Bing umgebond (der Deutliohkeit balber 
sind nur einige Zellen eingezeiobnet ; die Oanglienzellen 
zwiscben Tentakelnerrenring and Scblnndring sind aua 
demselben Grande gar niobt eingezeiobnet). — gzr* = 
Gbinglienzellen, binter dem Scblandiing belegen. — gzr" == 
Oanglienzellen aaf der YentralBoite des RuBsels. — sem «= 
SoblandkommiBsaren. — it* — n* s=s die seobs kleinen peri- 
pberen Nervenpaare. — hn^ — kn^ = die fiinf peripberen 
Hauptneryenpaare. — QCJU, QCM* =■ die rwai Haapt- 
qaerkommissuren (erste and letzte). — Qem^ — Qcm^ s=s die 
yier mittleren, groBeren Qaerkommissoren. — qcm'^ — qem^ 
ss die fUnf kleineren Qaerkommissaren. — iVi = inter- 
mediifirer Nery. — g* = Oanglienzellen aof der dorsalan 
Seite zwisoben den TJrspriingen der Neryen. — g»' ss 
Oanglienzellen am Yorderende aof der Tontralen Seite des 
Baacbstranges. — gz" s= grofies Oanglienzellenpaar zwieoben 
den groBeren QaerkommiBsaren. — gz*" i= Oanglienzellen 
in den peripberen Neryen. — /e >== grobe Neryenojlinder, 
die L&ngskommissuren aof der inneren doraalen Seite doroh- 
ziebend« 
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Pig. d. Idealer Quersohnitt doroh den BiiBsel von M. giganteum 
in der Gegend des Sohlundringes , die Sohlundring- 
kommissur {sr) and die diesen nmgebenden, in 4 Grappen 
^i — gr^) geordneten Oanglienzellen zeigend. — *« = 
Sohlundnerren. 

Fig. 3. Ein StUok des SohlundringB, stark vergrofiert, nm zu zeigen, 
daS die Ganglienzellen (j^z) aufierhalb der Soheide (sch) wie 
auch innerhalb derselben (igz) belegen sind. 

Fig. 4. Querschnitt des Schlundringes von M. Graffi, einem Hori- 
zontalschnitt entnommen. 

gz a=s die Sufierst sparsam anfierbaib der Scbeide ge- 
legenen Ganglienzellen. — igz ss Ganglienzellen innerhalb 
der Soheide. 

Fig. 5. Idealer Qnerschnitt des Biissels von M. Grafft vor dem 
MnskelbulbuB y den Tentakeineryenring {tnr) zeigend. — 
sfi = Urspriinge der Schlundnerven. — »«', v/t", »;?'" = 
Urspriinge der drei Yerbindungsneryen,. zum Schlundring 
gehend. — n ss kleine Neryen, mit dem Epithel des 
yorderen Schlundes in Verbindung stehend. — /« = Ten- 
takelneryen. — g* '= Ganglienzellen, welohe yor dem 
Tentakeineryenring liegen. — iwr = Muskelring. 

Fig. 6. Yerbindnng eines der yier Schlnndneryen mit dem Tentakei- 
neryenring (tnr). — *;i = Schlundnery. — i? = yon dem- 
selben abgehende Neryenzweige, einige anastomosierend. — 
nz B= yom Tentakeineryenring abgehende Neryenzweige. 

Fig. 7. Sohnitt des sensitiyen (Gesohmaok?) Sohlnndepithels, einem 
Langsschnitte des Biissels yon M. Graffi entnommen. — 
ez = sensitiye Epithelzellen (Geschmackszellen ?). — 
sn s=s Schlundnery. — gx = Ganglienzellen. — cu =a 
Cutionla. — m sea Muskeln des Bulbus. 

Fig. 8. Idealer Querschnitt dnrch die Mitte des Banchstranges yon 
M. gigantenm, links duxch den Urspmng eines Hauptneryen, 
rechts zwischen zwei Neryen hindurchgehend, in der Mitte 
eine der grofseren Querkommissuren Iflngs durchschnitten 
zeigend. — a, a' s=s mittlere Gruppe yon Ganglienzellen, 
deren Auslaofer die Querkommissuren durohlaufen und meist 
direkt in periphere Neryen iibergehen, namentlich dorsal 
(a). — b, e^ d, e = Gruppen yon Ganglienzellen, welohe 
ihre Auslfiufer in die Lttngskommissuren senden, wo sich 
einige in dem fibrillaren Geflecht auflosen (gewohnlioh in 
d und e), wShrend andere entweder in die peripheren Neryen 
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der GegenMite (gevoholic^ in e) oder denelbao Seite (ge- 
^ wohalioh in b) iibergehen. — / »=■ Oroppe vim Gmnglien- 

sellen, aof der dorsalen Seite dee Unprunge dei Haaptaerrea 

gelegen» welohe ihre Aualaufer direkt in die Nerven aendcB. 

— 9^, M*, 9^^ z^ Bs Qanglienaellen, deren Aualaufer deh 

1 in dem fibrillftren Oeflecht aoflosen. — a& «= Tentiak 

I Oanglienaelle, deren Aualiiafer in die Quarkominiaaar hineb- 

geht. — pa 9^ periphere Nerrenoylinder der Tentnlea 
I Neryenwnrzel, ana dem fibrillaren Oefleeht entapringend. — 

ne Bs Nenrencylinder der Qoerkommiaaur, aioh in dea 

fibrillaren Oefleeht anf loaend. — i>i =» intermediarer Nerr. 

^ — ich SB ttoBere Neurilemmaoheide. — # = yon dieaer eot- 

Bpringende Septen. — JS bs Bindegewebakeme. — /e == 

grobe dorsale Nerrenoylinder , die Langekommiaaaren ihrer 

ganaen Lange naoh durohsiehend. 

Fig. 9. Verbreitnng des eraten linken Hauptneryenstammeai in einem 

' idealen Horizontalaohnitt dargeatellt — iV^, j!V* s= Ten- 

] takelnervenringe. — a = Eomplex oder Knoten deraelbeo, 

von welohen die Neryenbiindel in die Cirren (c) geaaadt 
werden. — N^, N^ ^ss innere Nerrenzweige oder ParapodieB- 
zweige. — kz s=s Hackennervenzweig. — i/a =» Drnaeo- 
nenrenzweig. — pd sss ParapodiendrtUen. — ms >» nxtt- 
lerer unpaarer Nervenzweig. — kd = innerer Zweig der 
HaokendriiBe» iibersohnitten. — #, si ss Sttitzatab. — 
kA ss Haupthaoken. — rA st Beaerrehaoken. — d =^ 

IDarm. — n =» kleiner Nerv, hinter dem Hauptneiren- 
stamm entapringend (Fig. 1 nr) and mit ihm vahiadhein- 
lioh anaatomoeierend. 
Fig. 10. Queraohnitt von M. giganteum^ ein wenig idealimert, nm 
die Verzweigung eines der kleinen Neryen za zeigen 
(Fig. 1 «*). — i, 5 B» die zwei Hanptzweige. — 5 =« 
kleine yentrale Zweige, zu den Bauohmuakeln gehend. — 
M as kleine yentrale Neryenzweige. — b$ sss Banchatrang. 

— mr sss MuBcnlas retraotoriB intemoa. — ^ = Hoden. 

— 00 = Eier. — rf =« Parm. — m sss Magen mit 
Flimmerepithel. 

Fig. 11. Ganglienzellen mit Aufilaufem, di^ ^ch in dem fibrillaien 
Oefleeht auf Ideen. — a =^ groBe yentrale Zelle (Fig. 8 d^ 

— b^ e sss zwei Formen kleiner yentraler Zellen. — 
d s= Zelle, in dem centralqn fibrillaren Oefleeht der einea 
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Pig. 12. Ganglienzelle mit AualEiifer, weldher direkt in einen peri- 
pheren Nerren ubergeht and anf dem Weg duroh das 
fibrillftre Oeileoht kleine SeitenHste abgiebt. 

Fig. 18. Oanglienselle mit Kern, weloher sioh in direkter Teilung 
befindet. — a as Bindegewebsaepten. 

Fig. 14. Lfingssohnitt eines peripheren Nenren, weloher einer Biegung 
wegen reohts halb quer getrofEen ist, wodorch der f&oher- 
artige Ban deudich henrortritt. — B ^ Bindegewebskeme. 
— sek =s ttoBere NearilemmBcheide. — a =8 Ende mit iiber- 
sohnittenem Nerrencylinder. 

Fig. 15. Quersohnitt eines peripheren Nerven, an welchem der 
fi&oherformige Ban deutlich herrortritt, mit bald feineren, 
bald groberen Nenrencylindem. — seA ss ftofBere Neurilemm- 
Boheide. — 9 sss Septen derselben, in den Nerven hinein- 
gehend. — ^ =s Bindegewebskeme. 

Fig. 16. Quersohnitt des intermediaren Nenren an einer Stelle, wo 
ein Seitenast abgegeben wird. 

Fig. 17. Stiiokohen sweier Ganglienzellenanslftnfery stark yergroisert, 
am die Yerdiokungen an den XJrsprangsstellen der Seiten- 
fiste and die sohwaohe Lftngsstreifong su zeigen. 
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